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NASA lT F-14,983 

FOR LUNAR ROCK 

V. Alekseyev and L. Lebedev 
Edi tor  G. S .  Narimanov' 

THE RIDDLE OF THE MOON - /3* 

Man has always s t r i v e n  t o  tnderstand t h a t  which is new and unknown i n  t h e  
world around him. Since time immemorial h i s  s i g h t s  have been d i r e c t e d  a t  t h e  
skies, where he saw t h e  Sun, t h e  Moon, t h e  p l a n e t s  and myraids of stars. Man 
wanted to  understand t h e  bas i c  laws which con t ro l l ed  t h e  world around him and 
its evolution. 

The ancient  Greeks a l r eady  knew a g r e a t  dea l  about t h e  Moon. Democritus 
declared t h a t  *,he markings on t h e  Moon were enormous mountains and v a l l e y s .  
Aristotle desonstrated t h e  sphe r i ca l  shape o f  t h e  Moo~i. 
t h a t  t h e  Moon revolves  around t h e  Earth and simultaneously r o t a t e s  on its a x i s ,  
with t h e  period o f  o r b i t a l  revolut ion being equal t o  t h e  per iod of r o t a t i o n  
of t h e  Moon on its axis. Approximately 1,900 yea r s  before  Copernicus t h e  
Greek scientist Aris tarchus proposed a h e l i o c e n t r i c  model o f  t h e  S o l a r  System. 
H e  c a l c u l a t e d  t h e  d i s t a n c e  t o  t h e  Moon ar.3 est imated t h a t  it was 56 times 
g r e a t e r  than t h e  r ad ius  of t h e  Earth.  
Moon is oval i n  shape and located i n  a plane which is inc l ined  a t  5' t o  t h e  
plane o f  t h e  o r b i t  of t h e  Earth,  i.e., to  t h e  plane of  t h e  e c l i p t i c .  
showed t h a t  t h e  plane o f  t h e  Moon's o r b i t  rotates r e l a t i v e  t o  t h e  celestial 
sphere and completes one rotation i n  18 and 2/3 years .  
i n  es t imat ing t h e  diameter of t h e  Moon to  wi th in  31 minutes of angle  and d e t e r -  
mined t h e  r e l a t i v e  d i s t a n c e  t o  t h e  Moon, f i g u r i n g  it to  be 59 Earth r a d i i .  In 
t h e  second century A.D. Ptolemy asce r t a ined  t h e  parameters o f  t h e  lunar  o r b i t .  

The Greeks understood 

Hipparchus found t h a t  t h e  o r b i t  of t h e  

He 

Hipparchus succeeded 

f Hence, about 2,000 years  ago t h e  anc ien t  p h i l o s p h e r - s c i e n t i s t s  who observed 
t h e  Moon only with t h e  unaided eye knew about t h e  sphe r i ca l  shape of t h e  Moon 
and suggested t h a t  its weather was similar t o  t h a t  on Earth,  and t h a t  i t s  
surface consis ted of l a r g e  v a l l e y s  and mountains; they were familiar with t h e  
n a t u r e  of its revo lu t ion  around t h e  Earth along an oval o r b i t  and t h e  approximate 
dimensions of  t h a t  o r b i t .  

They were aware of t h e  e q u a l i t i e s  o f  t h e  anguiar  v e l o c i t i e s  of  t h e  
i-evolution of t h e  Moon around t h e  Earth and t h e  r o t a t i o n  of t h e  Moon on i t s  own 
axis, which governs t h e  constant  o r i e n t a t i o n  of t h e  Moon with r e spec t  t o  t h e  
Earth. 
t h e  Moon, caused by t h e  change i n  t h e  r e l a t i v e  p o s i t i o n  o f  t h r e e  bodies - t h e  
Moon, t h e  Earth and t h e  Sun. 

They c o r r e c t l y  explained t h e  sequence o f  t h e  changes i n  t h e  phases of 

lDoctor o f  Physical-Mathematical Sciences.  
*Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  t h e  foreign text.  
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During the Middle Ages, when the Church and the Inquisition ruled, many - / 4  
of the works of the ancient astronomers were destroyed. 
awakened scientific thought. The astronomer Tycho Brahe (1546-1601) added a 
great deal to knowledge about the movement of the Moon and collected a large 
body of data which was of considerable significance in further research. 

The Renaissance again 

The science of the Moon profited greatly on the basis of the work of 
Kepler (1571-1630) who formulated the laws of the motion of the planets, Newton 
(1642-1727) who established the basis of modern mechanics and formulated the 
law of universal gravitation, Galileo (1564-1642) who used the telescope to 
study the heavenly bodies. 

The great ideas and discoveries of science during the Renaissance made 
possible an intensive study of the Universe, and effected changes in the 
view of the world and the methods of investigation of scientific and technical 
problems. 
can be found in the achievements of that era. 
characteristics of the motion of the Moon, its ..,ass and size was considerably 
augmented . 

The basis for many of the modern concepts regarding the Universe 
Knowledge concerning the 

Observations of the Moon by means of optical instruments made it possible 
to obtain considerable important information about the principal formations on 
its surface. Thus, Galileo, using a very simple spyglass, the remote ancestor 
of modern telescopes, discovered the mountains on the Moon and estimated their 
height on the basis of the length of the shadows they cast. 
Hevelius, he compiled a very accurate and detailed map of the visible hemisphere 
of the Moon. 

Together with 

Beginning in those days, knowledge about the Moon has continued to grow 
without interruption. 
Earth have provided considerable information about the Moon. 

Many years of observation of the lunar surface from the 

The use of modern devices based on the latest achievements of science and 
technology for observing the Moon has made it possible to get a precise idea 
of the dimensions of the Moon and the parameters of its orbits, the shape and 
location of the details of the relief, to get some idea of the temperature 
conditions on the lunar surface, the color of the lunar soil, the laws of 
scattering of light, radiation, etc. 

We now know, for example, that the distance from the Earth to the Moon 

The inclination of the Moon's orbit 
and 43 ", and changes 

varies from 406,697 to 356,410 km, while the average distance is 384,400 km or 
60.2673 equatorial radii of the Earth. 
to the plane of the ecliptic amounts to 5' 8 
with respect to the Earth's equator within the limits of 23", 27 
9 I .  
which coincides with the period of rotation of the Moon on its axis. 
angular diameter of the Moon, as seen at the average distance from the Earth, 
is eq'lal to 31 ' 5.6 " and the diameter is 3,476 km. The ratio 

-- of the mass of the Moon to the mass of the Earth is 1:81.3030, and the 
acceleration due to the force of gravity on the surface of the Moon is 0.166 of 

f 5' 
- The period of the Moon's rotation around the Earth is 27.3217 days, 

The 

. 
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t h e  acce le ra t ion  on Earth.  
Moon with respect  t o  t h e  dens i ty  of water is only 3.34, while on Earth it is 
5.52.  
core o f  our  sa te l l i te .  The Moon is ev iden t ly  composed e n t i r e l y  o f  rock, which 
is i n  ag remen t  with cu r ren t  information about t h e  lack of a magnetic f i e l d  on 
t h e  Moon. 

I t  has been found t h a t  t h e  average dens i ty  of t h e  

This i n d i c a t e s  t h e  absence o f  any important heavy masses (metals) i n  t h e  /5 

Until r ecen t ly ,  it was impossible t o  d i s t i n g u i s h  on t h e  su r face  of t h e  
Moon d e t a i l s  measwing less than 300 m as viewed from Earth,  so t h a t  many 
d a t a  concerning t h e  d e t a i l s  o f  t h e  relief were lacking. 

Likewise, information on va r ious  physical  c h a r a c t e r i s t i c s  o f  our  sa te l l i te  
and its su r face  were very l imited.  Such c h a r a c t e r i s t i c s  o f  t h e  Moon as t h e  
chemical and mineralogical composition of t h e  su r face ,  t h e  s t r u c t u r e  of  t h e  
luna r  core, and t h e  s e i s m i c i t y  of  t h e  Moon were hypothet ical  i n  nature .  
condi t ions on t h e  Moon are q u i t e  d i f f e r e n t  i n  terms o f  terrestrial concepts - 
a high vacuum, considerable  temperature v a r i a t i o n s  from +130° during t h e  lunar  
day t o  -160' Celsius  during t h e  luna r  n i g h t ,  t h e  ac t ion  of corpuscular x-ray and 
u l t r a v i o l e t  r a d i a t i o n  f r o m  t h e  Sun for b i l l i o n s  of  years ,  t h e  continuotis f a l l  
of meteorites, t h e  low force of g r a v i t y ,  etc.,  were felt  by s c i e n t i s t s  t o  be 
responsible  fo r  t h e  s p e c i a l  s t r u c t u r a l  c h a r a c t e r i s t i c s  of t h e  luna r  su r face  
t h a t  are unknown on Earth,  t h e r e f o r e  on t h e  b a s i s  of incormation t h a t  was 
obtained as t h e  r e s u l t  of terrestrial observat ions,  var ious t h e o r i e s  were 
propounded concerning t h e  dust  cover of t h e  Moon, t h e  pumice o r  s l a g - l i k e  
s t r u c t u r e  of its surface,  s p e c i a l  l a t t i c e - l i k e  mineral s t r u c t u r e s  t h a t  do not 
e x i s t  on Earth,  and were formed by accumulation of small p a r t i c l e s  of l una r  
soil,  and l ava  flows o f  b a s a l t  type. 

Physical 

A c h a r a c t e r i s t i c  f e a t u r e  of t h e  luna r  relief is t h e  numerous c r a t e r s .  I t  
has been suggested t h a t  t hey  were formed as t h e  r e s u l t  o f  t h e  f a l l  of  me teo r i t e s  
onto t h e  luna r  surface.  
depth is small i n  comparison with t h e i r  diameter.  
are loca ted  below t h e  surrounding terrain.  
above t h e  su r face  is less than t h e  depth o f  t h e  c r a t e r .  
t h a t  t h e  volume o f  material forming t h e  walls LS p r a c t i c a l l y  equal t o  t h e  volume 
of  t h e  p a r t  o f  t h e  crater which is below t h e  surface.  
t h e  "meteorite hypothesis ." 

The l a r g e  craters can reach 250 km i n  diameter. Thei r  

The c r a t e r s  have walls whose height  
I t  has been ca l cu la t ed  

This apparently supports  

The bottoms o f  t h e  c r a t e r s  

However, t h e  f a l l  o f  l a r g e  meteorites is a very rare phenomenon. Therefore,  
m i y  s c i e n t i s t s  have felt t h a t  t h e  formation of  t h e  lunar  relief occurred as 
t h e  result of volcanic  a c t i v i t y .  
very important fact i n  favor  o f  t h i s  hypothesis;  he had observed t h e  release o f  
a l a r g e  amount o f  gas f r o m  t h e  c e n t r a l  po r t ion  o f  t h e  crater Alphonsus. Then 
o the r  occurrences o f  t h e  internal a c t i v i t y  o f  t h e  Moon were recorded. 
s t r u g g l e  between those who favor  t h e  volcanic  o r i g i n  o f  t h e  c r a t e r s  and those 
who favor  t h e  meteoritic view has not ye t  been concluded. 
t h e  l a r g e  lunar craters are o f  volcanic  o r i g i n  and t h e  f a l l  of me teo r i t e s  
contr ibuted t o  t h e  formation o f  many o f  t h e  small c r a t e r s .  

In  1958 t h e  Soviet  N. Kozyrev suggested a 

The 

I t  is  poss ib l e  t h a t  

I 

There are t h e o r i e s  which dea l  ir: var ious ways with t h e  o r i g i n  and t h e  
/ 6  h i s t o r y  of t h e  Moon. The o l d e s t  of them s t a t e s  t h a t  t h e  E a r t h  and the  Moon - 
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c o n s t i t u t e  a double planet  and t h a t  they both a rose  as s e p a r a t e  bodies,  l inked 
with one another  i n  space, from a s i n g l e  cosmic cloud composed of  dust  o r  gas .  
However, t h e  mechanism f o r  t k f o r m a t i o n  o f  such a double planet  has not been 
worked out ,  and t h i s  theory is  only held by a few s c i e n t i s t s  a t  t h e  present  time. 

A t  t h e  beginning of our era, t h e  theory of t h e  English s c i e n t i s t  J. Darwin 
was very popular. 
existence i n  t h e  form o f  a hot l i q u i d  mzss and t h e  Moon WHS formed a s  t h e  
r e s u l t  of t h e  sepa ra t ion  of t h e  p a r t  of t h e  mass of t h e  Earth.  
time, t h e r e  are seriotls reasons f o r  consider ing t h a t  Loth t h e  Earth an& pro- 
bably t h e  Moon were formed as cold bodies and t h e i e f o r e  sepa ra t e ly .  

In t h c s e  days it was considered t h a t  t h e  Earth began i t s  

A t  t h e  present  

In recent years ,  still  another  theory has come t o  l i g h t  which was worked 
out  by t h e  Swedish p h y s i c i s t  C. Alfen, which states t h a t  t h e  Moon was o r i g i n a l l y  
an independent p l ane t  which came i n t o  t h e  sphere of a t t i a c t i o n  of  t h e  Earth and 
was trapped by it. 

The study o f  t h e  Moon and p l a n e t s  o f  t h e  So la r  System is an extremely 
important t o o l  for t h e  formulation of a general  theory of t h e  o r i g i n  of t h e  
Earth and its n a t u r a l  resources ,  f o r  obtaining information about t h e  earliest  
s t a g e s  of t h e  ex i s t ence  o f  t h e  Earth,  t hose  s t a g e s  when t h e  p r i n c i p a l  s t r u c t u r a l  
elements of  t h e  Earth 's  c r u s t s  were formed. 
back important d a t a  about t h e  heavenly bodies,  whose comparative study w i l l  make 
it possible  t o  work out general  laws of s t r u c t u r e  and h i s t o r y  of  p l a n e t s ,  and 
t o  coinpare t h e  course o f  geological  processes on d i f f e r e n t  bodies i n  t h e  So la r  
system. 

Automatic spacec ra f t  have brought 

Our n a t u r a l  satell i te,  i n  i ts  own way a re se rva t ion  i n  t h e  Universe has 
r e t a ined  its relief i n  almost t h e  o r i g i n a l  state.  
and atmosphere on t h e  Moon, t h e  changes i n  its su r face  occur very slowly, 
much more so than on Earth.  
erosion,  a l l  o f  t h e  no t i ceab le  traces of t h e  o r i g i n a l  s t r u c t u r e  of  t h e  Earth 
have been destroyed. 
evolution. 
a number o f  geological  processes t h a t  occurred on t h e  Earth i n  t h e  p a s t .  

Due t o  t h e  lack of water 

As a r e s u l t  of t h e  ac t ion  of var ious  types of 

Now we know very l i t t l e  about t h e  e a r l y  s t a g e s  of i t s  
By studying t h e  luna r  relief we w i l l  be a b l e  t o  l ea rn  t h e  na tu re  of 

S c i e n t i s t s  s t i l l  do not know enough about t h e  chemical evolut ion of  t h e  
The Moon can serve as an example of  incomplete evolut ion and Ea r th ' s  c r u s t .  

poss ib ly  may be t h e  bes t  ob jec t  f o r  allowing u s  t o  l ea rn  how t h e  Ea r th ' s  c r u s t  
looked before.  

The use o f  spacec ra f t  t o  s tudy t h e  Moon and p l a n e t s  o f  t h e  So la r  System 
w i l l  provide t h e  answers t o  many problems which have remained more o r  less 
puzzling t o  astronomers throughout h i s t o r y .  

On t h e  Road t o  Discovering t h e  S e c r e t s  of t h e  Moon 

The launching of  t h e  first ar t i f ic ia l  Earth satel l i te  on t h e  4 th  of  
October 1957 by t h e  Soviet  Union opened up a new e r a  i n  t h e  h i s t o r y  of 
mankind - t h e  era of  t h e  conquest of space. Several  years went by and i n  
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January 1959 t h e  first spacecraf t  designed f o r  studying t h e  c l o s e s t  heavenl), 
body t o  t h e  Earth was launched - t h e  "Luna-1" automatic s t a t i o n .  

During t h e  next 12  years ,  considerable research was c a r r i e d  out involving 
t h e  Moon and t h e  area o f  space near t h e  Moon. 
and "tond" series c a r r i e d  ou t  an extensive Grderly program o f  study of  our 
n a t u r a l  sa te l l i te .  

Automatic s t a t i o n s  i n  t h e  "Luna" 

The first launching of a spacec ra f t  t o  t h e  Moon made it poss ib l e  t o  overcome 
t h e  limits o f  t h e  second cosmic v e l o c i t y  and t o  go beyond t h e  l i m i t s  of  space 
surrounding t h e  Earth.  
a d i s t ance  o f  f r o m  5 t o  6,000 km f r o m  its su r face ,  t h e  "Luna-1" automatic 
s t a t i o n  then became t h e  first a r t i f i c i a l  p l ane t  i n  t h e  S o l a r  System. 
performed by t h e  "Luna-1" s t a t i o n  e s t ab l i shed  t h e  lack o f  a s i g n i f i c a n t  magnetic 
f i e l d  near  t h e  Moon and recorded fluxes o f  ionized plasma ('%alar wind") i n  
i n t e r p l a n e t a r y  space. 
t h e  p r o p e r t i e s  of i n t e r p l a n e t a r y  space.  

After f l y i n g  t o  t h e  immediate v i c i n i t y  o f  t h e  Moon, at  

Experiments 

These results made it poss ib l e  t o  r e f i n e  our  ideas  of 

In September 1959, t h e  "Luna-2" reached t h e  lunar  su r face  i n  t h e  e a s t e r n  
p a r t  of Mare Imbrium, i n  t h e  v i c i n i t y  of t h e  c r a t e r s  Archimedes and Autolycus. 
The instruments aboard t h e  s t a t i o n  c a r r i e d  out  measurements i n  t h e  immediate 
v i c i n i t y  of t h e  su r face  and t r ansmi t t ed  to  Earth a considerable  amount of  
information containing t h e  first experimental d a t a  on t h e  physical  p r o p e r t i e s  
of  t h e  Moon. 
f i e l d  o r  r a d i a t i o n  b e l t  on t h e  Moon. 

They were i n d i c a t i v e  of a lack of  any kind of  s i g n i f i c a n t  magnetic 

On October 4,  1959, on t h e  second anniversary o f  t h e  lauilching of  t h e  f i r s t  
a r t i f i c i a l  Earth satellite, t h e  "Luna-3" s t a t i o n  was launched, which circum- 
navigated t h e  Moon and photographed t h e  s i d e  which i s  i n v i s i b l e  from Earth.  
The first Soviet  photographs o f  t h e  backside o f  t h e  Moon made it poss ib l e  t o  
see what had been hidden f r o m  t h e  eye of m a n  and t o  give astronomers information 
about t h e  most important c h a r a c t e r i s t i c s  of t h e  s t r u c t u r e  o f  t h e  hemisphere 
which is i n v i s i b l e  f r o m  Earth.  Photographic study o f  t h e  backside of t h e  Moon 
was p r a c t i c a l l y  completed by t h e  "Zond-3" s t a t i o n  i n  J u l y  1965. 
survey of  t h e  entire luna r  surface made it poss ib l e  t o  determine t h e  p r i n c i p a l  
c h a r a c t e r i s t i c s  o f  t h e  d i s t r i b u t i o n  of t h e  Mare and con t inen ta l  regions and 
a complete c h a r t  o f  t h e  Moon and t h e  lunar globe were compiled. 
found t h a t  t h e  i n v i s i b l e  s i d e  of  ou r  satellite is  completely d i f f e r e n t  i n  
terms of t h e  landscape f r o m  t h a t  which astronomers have seen and s tud ied .  
are only a few Maria on it, and t h e  e n t i r e  region is occupied by annular  
formations. 
Moon have not y e t  been completely explained and c o n s t i t u t e  t h e  next problem 
awaiting s o l u t i o n  f o r  scientists. 

A general  

There was 

There 

These d i f f e rences  i n  t h e  s t r u c t u r e  of t h e  two hemispheres o f  t h e  

Further  study of  t h e  p r o p e r t i e s  of t h e  n a t u r a l  s a t e l l i t e  of  t h e  Earth and - /8 
t h e  medium surrounding it have required more prolonged s t a y s  o f  s c i e n t i f i c  
instruments i n  t h e  v i c i n i t y  o f  t h e  Moon. 
of i t s  nature began i n  February 1966 when t h e  "Luna-19" s t a t i o n  made a s o f t  
landing on t h e  eas t e rn  p a r t  o f  Oceanus Procellarum. 

.I - of t h e  lunar robot on t h e  s u r f a c e  was measured i n  seve ra l  --. days. The panoramas 

A q u a l i t a t i v e l y  new s t e p  i n  the  s tudy 

The time of  a c t i v e  ex i s t ence  
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of  t h e  lunar  su r face  t h a t  were t ransmit ted t o  Earth made it p o s s i b l e  f o r  t h e  
first time t o  see t h e  very f i n e  d e t a i l s  o f  t h e  su r face  and t o  estimate t h e  na tu re  
of t h e  relief a t  t h e  s i te  where t h e  s t a t i o n  landed. 
tha t  "Luna-9" d i d  not s ink not iceably i n t o  t h e  s o i l .  
f e l l ,  i t  remained lying f o r  a long time on t h e  su r face ,  and t h e  rocks which 
could be seen i n  many po in t s  of t h e  panorama were not covered with dus t .  A l l  
of t h i s  i nd ica t ed  a r a t h e r  considerable  degree o f  hardness f o r  t h e  rocks t h a t  
make up t h e  su r face  l a y e r  o f  t h e  Moon, as well as a lack of deep l aye r  o f  
dust .  A t  t h e  landing s i te  of t h e  s t a t i o n  t h e  su r face  is  covered with c r a t e r s  
of  var ious sizes, some diminutive r i n g s  t o  r a t h e r  l a r g e  formations,  as well as 
rocks. They were probably e j e c t e d  from t h e  subjacent layers during t h e  impact 
of meteori tes .  
By studying t h e  panoramic p i c t u r e s ,  t h e  s c i e n t i s t s  concluded t h a t  t h e  su r face  
of  t h e  Moon i n  t h e  area where t h e  "Luna-9" landed most probably was composed o f  
flows o f  b a s a l t i c  lava.  Dosimetric measurements t h a t  were made provided t h e  
first information about t h e  ex i s t ence  of r ad ioac t ive  processes i n  luna r  rocks 
and made it poss ib l e  t o  determine t h e  c o e f f i c i e n t  o f  r e f l e c t i o n  of t h e  lunar 
su r face  with r e spec t  t o  cosmic r ays .  

I t  is c l e a r  from t h e  photo 
I t  was not buried when it 

- 

The hypothesis of a t h i c k  l a y e r  of dust  had been overturned. 

One o f  t h e  most important problems involved i n  t h e  study o f  t h e  Moon is t h e  
determination of t h e  chemical composition of  t h e  lunar  rocks.  
i n t e r e s t  a t t a c h e s  t o  t h e  comparative study o f  t h e  na tu re  of t h e  rocks or t h e  
upper l a y e r s  of  t h e  Moon on t h e  s c a l e  of t h e  e n t i r e  lunar  sphere.  This is  a 
s p e c i f i c  problem wi th in  t h e  e n t i r e  complex o f  l una r  research and has required 
prolonged s t a y s  of s c i e n t i f i c  instruments i n  t h e  v i c i n i t y  of t h e  Moon and t h e  
c o l l e c t i o n  o f  measurements f r o m  extensive areas. 
been imposed on a number of  o t h e r  scient i f ic  problems concerning t h e  Moon. 

Considerable 

S imi l a r  requirements have 

The s o l u t i o n  o f  t h i s  group of  problems has been poss ib l e  only on t h e  b a s i s  
of  t h e  cons t ruc t ion  o f  a r t i f i c i a l  l una r  satellites. By means of t h e s e  devices ,  
extremely valuable  information has been gained concerning t h e  na tu re  of t h e  
Moon. The s c i e n t i f i c  devices aboard t h e  first sa te l l i t e ,  t h e  "Luna-10" s t a t i o n  
which was launched i n t o  sc l enocen t r i c  o r b i t  on t h e  3rd of  Apri l  1966, made it 
poss ib l e  t o  determine t h e  na tu re  of t h e  luna r  rocks on t h e  b a s i s  of t h e i r  
content of  n a t u r a l l y  r ad ioac t ive  elements. 
are similar i n  composition t o  b a s a l t s  which are widely d i s t r i b u t e d  on Ear th .  

Rocks were found on t h e  Moon which 

A study of t h e  v a r i a t i o n s  i n  t h e  o r b i t  of  t h e  "Luna-10:' s t a t i o n  form 
t h e  b a s i s  o f  a determination o f  t h e  c h a r a c t e r i s t i c s  of  a g r a v i t a t i o n a l  f i e l d  
of  t h e  Moon. 
parameters o f  t h e  "Luna-10" s t a t i o n  performed by means o f  r a d i o  ind ica t ed  t h a t  
t h e  equ ipo ten t i a l  su r f ace  of  t h e  Moon was pear-shaped (a su r face  where t h e  
acce le ra t ion  of t h e  f o r c e  o f  g r a v i t y  is normal t o  it a t  a l l  po in t s )  with the  
convexity located on t h e  backside,  i . e . ,  i n  t h e  d i r e c t i o n  away from t h e  Earth.  

An ana lys i s  of t h e  r e s u l t s  o f  t h e  measurements of  t h e  o r b i t a l  

/9 
As we know, t h e  shape o f  t h e  su r face  with a constant f o r c e  o f  g r a v i t y  of 

a celestial body 1s determined not  on ly  by its geometrical shape but a l s o  by t h e  
internal d i s t r i b u t i o n  of masses. 
p r a c t i c a l  significance f o r  a determination o f  t h e  s t r u c t u r e  of t h e  g r a v i t a t i o n a l  

The r e s u l t s  t h a t  were obtained are of  a 
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f i e l d  of t h e  Moon an4 c o n s t i t u t e  t h e  first s t e p  along t h e  path t o  t h e  study of 
t h e  s t r u c t u r e  o f  t h e  core  o f  t h e  n a t u r a l  s a t e l l i t e  of t h e  Earth.  

A s  t h e  r e s u l t  of  magnetometric measurements c a r r i e d  out by t h e  "Luna-10" 
it was found t h a t  t h e  f i e l d  i n  t h e  space around t h e  Moon which has been s tud ied  
has a r a t h e r  uniform s t r u c t u r e .  
v a r i a t i o n  w a s  observed i n  t h e  i n t e n s i t y  o f  t h e  magnetic f i e l d  between 24 and 38 
X , while on Earth it varied f r o m  30,000 t o  74,000 A .  

During t h e  period of t h e  measurements, a 

Evidently t h e r e  are no magnetic f i e l d s  on t h e  Moon and t h e  lunar magnetic 
f i e l d  by nature  i s  an i n t e r p l a n e t a r y  f i e l d  which is deformed by t h e  Moon. 

Studies  of t h e  Moon and t h e  space near  t h e  Moon were continued by t h e  
"Luna-11" s t a t i o n ,  t h e  second a r t i f i c i a l  s a t e l l i t e  of  t h e  Moon which was 
launche,i i n t o  o r b i t  on t h e  27th of  August 1966. 
supplemented by t h e  study of  t h e  longwave cosmic r a d i a t i o n .  
was obtained made it  poss ib l e  t o  confirm and expand t h e  b a s i c  conclusions which 
were drawn on t h e  b a s i s  of  t h e  r e s u l t s  of  t h e  research which was conducted by 
t h e  "Luna- 10" s t a t i o n .  

The s c i e n t i f i c  program was 
The d a t a  which 

The t h i r d  Soviet  a r t i f ic ia l  s a t e l l i t e  o f  t h e  Moon t h e  "Luna-12" s t a t i o n ,  
launched i n t o  o r b i t  around t h e  Moon on t h e  25th of October 1966, i n  adti i t ion t o  
carrying out t h e  research b e g u  by t h e  first 2 lunar  s a t e l l i t e s ,  was faced 
with a new problem: t h e  photography of  c e r t a i n  areas o f  Mare Imbrium from 
a l t i t u d e s  of 100 t o  340 km. 
t h e  luna r  su r face  and t h e  na tu re  of  t h e  formations on it and f o r  a compilation 
of more accu ra t e  c h a r t s .  

This was necessary both f o r  a d e t a i l e d  study of  

The photographs of t h e  region o f  b r i g h t  r ays  extending outward from t h e  
crater Arastarchus were p a r t i c u l a r l y  i n t e r e s t i n g .  
concentrat ion of  small craters i n  those areas which are cha rac i e r i zed  by 
increased b r igh tness  on t h e  b a s i s  o f  t e r r e s t r i a l  observat ions.  
one could make out d e t a i l s  o f  t h e  relief t h a t  were 15 t o  20 m i n  diameter.  The 

of volcanic  a c t i v i t y  o r  by t h e  f a l l  of a meteori te  onto t h e  luna r  su r face .  
i s  poss ib l e  t h a t  t h e  source of such emissions i n  t h i s  area was t h e  crater 
Arastarchus. 

They showed an increased 

In t h e  p i c t u r e s ,  

c r a t e r s  were evident ly  formed by t h e  e j e c t i o n  of  fragments of rock from a focus I 

I t  

An important con t r ibu t ion  t o  t h e  study of t h e  Moon was made by t h e  "Luna-13" 
automatic s t a t i o n  which made a s o f t  landing i n  t h e  v i c i n i t y  of  Oceanus 
Procellarum i n  Deceinber 1966. 

In add i t ion  t o  t h e  panoramas of t h e  lunar  su r face  t h a t  were t ransmit ted 
t o  Earth,  "Luna-13" c a r r i e d  out a cycle  of s c i e n t i f i c  experiments.  
first time, d i r e c t  measurements were made of  l una r  s o i l  and i t s  mechanical 
p rope r t i e s  by means of a s o i l  sampler and perotrometer and is r a d i a t i o n  densi to-  
meter. These devices were deployed by a s p e c i a l  mechanism t o  a d i s t a n c e  of 150 
cm from t h e  housing of t h e  s t a t i o n  i n  an area which was not d i s tu rbed  by t h e  
landing, The i n t e r p r e t a t i o n s  of  t h e  readings o f  t h e  instruments i nd ica t ed  t h a t  
a t  the  point  where t h e  "Luna-13" s t a t i o n  landed t h e r e  was a l a y e r  of ma te r i a l  

For t h e  
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on t h e  su r face  which had a s p e c i f i c  g rav i ty  X 
and granules of a porous mineral substance,  adhering weakly t o  each o t h e r .  The 
da ta  t h a t  were t r ansmi t t ed  from t h e  "Luna-13" s t a t i o n  confirmed t h e  f a c t  of 
considerable hardness of t h e  s o i l  which had been e s t ab l i shed  a t  t h e  time of  t h e  
experiment with t h e  "Luna-9." The r e s u l t s  of t h e  measurements considerably 
expanded knowledge concerning t h e  p r o p e r t i e s  of lunar  s o i l .  
enabled Soviet  s c i e n t i s t s  and designers  t o  proceed with assurance i n  designing 
automatic s t a t i o n s  Qf a new type. 
new improved means f o r  f u r t h e r  study o f  t h e  Moon. 

0 .8  g/cm2, composed of g ra ins  

This information 

They had t o  solve t h e  problem of bui lding 

The problems t h a t  would be solved by means of a r t i f i c i a l  lunar  s a t e l l i t e s  
included not only quest ions r e l a t i n g  d i r e c t l y  t o  t h e  Moon but  a l s o  problems 
involving t h e  Earth-Moon system. The program of  S c i e n t i f i c  research f o r  t h e  
4th Soviet  a r t i f i c i a l  s a t e l l i t e  of t h e  Moon, t h e  " L ~ n a - 1 4 ~ ~  s t a t i o n  which was 
launched i n  Apri l ,  1968, was aimed a t  a so lu t ion  of s eve ra l  aspects  o f  t h i s  
problem. In p a r t i c u l a r ,  t h e  information on t h e  r a t i o  between t h e  masses of 
t h e  Earth and t h e  Moon was re f ined .  This r a t i o  i s  o f  g r e a t  importance f o r  
astronomy and i ts  determination has been t h e  sub jec t  of many years  of observation 
from obse rva to r i e s  on Earth.  
observations o f  t h e  o r b i t a l  parameters of t h e  s a t e l l i t e  f o r  t h e  purpose of 
determining t h e  c h a r a c t e r i s t i c s  of  t h e  g rav i t a t iona l  f i e l d  of  t h e  Moon, studying 
t h e  condi t ions f o r  transmission of  r ad io  s i g n a l s  beiween t h e  Earth and t h e  
automatic s t a t i o n  when t h e  l a t te r  was i n  var ious p ' s i t i o n s  r e l a t i v e  t o  t h e  
lunar su r face ,  and a l s o  during t h e  passages of thc s t a t i o n  behind t h e  Moon. 
study of t h e  f luxes  of charged p a r t i c l e s  coming f-om t h e  Sun, cosmic r ays  and 
o the r  research t h a t  had been begun by t h e  first lmar  s a t e l l i t e s  was continued. 

The program of  experiments included systematic  

The 

The problem of  r e tu rn ing  t h e  s c i e n t i f i c  l a b o r a t o r i e s  from space t o  t h e  
Earth was solved i n  t h e  course o f  t h e  f l i g h t s  o f  t h e  "Zond-5" (September 1968) 
and "Zond-6" automatic s t a t i o n s  (November 1968). These devices ,  which circum- 
navigated t h e  Moon and success fu l ly  c a r r i e d  out a program of planned s c i e n t i f i c  
experiments, entered t h e  Ea r th ' s  atmosphere a t  t h e  second cosmic v e l o c i t y ,  both 
a f t e r  b a l l i s t i c  launching (1*Zond-511 s t a t i o n )  and descent using aerodynamic 
c h a r a c t e r i s t i c s  ("Zond-6" s t a t i o n )  and made a landing i n  t h e  s p e c i f i e d  areas  
of  t h e  globe. During t h e  f l i g h t  of t h e  "Zond-5" s t a t i o n  s c i e n t i f i c  measure- 
ments were conducted as well as photography of t h e  Earth from a d i s t ance  of 
about 90,000 km. 
s t u d i e s  i n  space near  t h e  Moon, conducted two photographic se s s ions  involving 
the Moon from a d i s t ance  o f  about 11,000 km and from a d i s t a n c e  of about 25,OOC 
km . 

The "Zond-6" s t a t i o n ,  i n  addi t ion t o  carrying out s c i e n t i f i c  

In August 1969 and i n  October 1970, t h e  "Z0nd-7~~ and "Zond-8" automatic /11 
s t a t i o n s  made t h e i r  f l i g h t s .  
i nves t iga t ions  were c a r r i e d  out along t h e  f l i g h t  path and i n  space around t h e  
Moon, and color photographs of  t h e  Earth and Moon a t  var ious d i s t ances  from t h e  
object  of photography were made. 

In t h e  course of t hese  experiments, physical  

What were t h e  s c i e n t i f i c  problems t h a t  were solved by means of "Zond" 
s e r i e s  of s t a t i o n s ?  
from c l o s e  up and from d i r e c t i o n s  which are not access ib l e  f o r  observers on 

In t h e  f i r s t  p l ace ,  t hese  were observations of t h e  Moon 
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Earth. Until recently, the shape of the Moon, as we have already mentioned, 
was studied only on the basis of information from ground observations of the 
side that could be seen from Earth. Artificial lunar satellites make it 
possible to study the Moon's gravitational field, which is related to the 
dynamic figure of the Moon. In order to relate the gravitational field to land- 
marks on the lunar surface, study its physical nature, geological structures, 
it is necessary to know the shape of the physical surface itself. Photographs 
of the Moon taken by means of the "Zond" station from a short distance away 
and from different directions have made it possible to obtain an idea both of 
the visible and invisible parts of the lunar surface. Precise stereoscopic 
measurements make it possible t o  construct a spatial model of the Moon and to 
determine its shape. 

Another scientific goal of the "Zonds" is the detailed study of the lunar 
surface and the nature of the formations on it at points which are inaccessible 
or inconvenient for observation from Earth. In particular, interest is 
attached to understanding the characteristics and topography of the backside 
of the Moon. 
perties of the lunar rock and the geological structures by means of precise 
photometric examination of the photograph. 

Equally important is the study of the physical and optical pro- 

Among the applied scientific problems of the experiments are the perfection 
of a system of coordinates on the lunar surface in the boundary zones of the 
disc which is visible from Earth and their extension from the backside of the 
Moon, as well as the compilation of more accurate charts which are necessary 
for scientific investigation, orientation of flights in space around the Moon 
with time and the linking of the orbits of spacecraft to the physical surface 
of the Moon. 

Important information concerning the Moon has been obtained by means of 
American automatic devices as well. 
astronauts aboard the "Apollo" spacecraft have required the solution of many 
complex problems associated with the landing of man on the lunar surface. 
co,?stituted a new step in the study of the Moon. 

The expeditions to the Moon of the American 

This 

The successful flights of the automatic stations in the "Luna", "Zond" 
series as well as the "Venera" stations have shown with great certainty that 
at the current stage of development many scientific problems involved in the 
study of the Moon and planets can be successfully solved by means of automatic 
devices which have proven their effectiveness many times. 

Soviet scientists and designers are faced with the problem of further 
improvements in space robots, using them ro solve new theoretical problems. 
advanced status of Soviet science, the high level of socialist industrialization /12 
have made it possible to build automatic devices of the new type which are 
opening up wide horizons for carrying out systematic scientific investigations 
of heavenly bodies by means of automatic devices. 

The 

I 
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For Lunar Rock 

Thirteen years have gone by s i n c e  t h e  day when t h e  whole world heard the 
word "Sputnik" and adopted it i n t o  spoken languages; it opened up a new e r a  f o r  
t h e  world, t h e  e r a  o f  s p a c e f l i g h t .  

Now it is t h e  12th of September, 1970. The Kazkakh steppe i n  aut'imn. \!e 
arc a t  t h e  Cosmodrome. 
or, t h e  launch pad, more powerful than t h e  rockets  t h a t  launched t h e  "Luna+" and 
"Luna-13'' s t a t i o n s .  

I t  i s  evening. A rocket of a new generation i s  s t r a i n i n g  

The se rv ice  gantry moves away. 
po in t ,  i n  an undergromd bunker, t h e r e  is a t ense  s i l e n c e  in t e r rup ted  only by 
t h e  words of  sharp commands. The c o n t r o l l e r s  a r e  ready behind t h e i r  panels .  
The bulbs of  monitoring deviLes twinkle ,  i nd ica t ing  t h a t  t h e  onboard systems 
of t h e  rocket and t h e  launch complex a r e  ready. 

No people t o  be seen. A t  t h e  command 

In accordance with t h e  set program, automatic devices a r e  performing one 
operat ion after another t o  prepare t h e  rocket f o r  t h e  launch, s i ~ ~ ~ u l t a n e o u s l y  
checking f o r  t h e  l a s t  time t h e  funct ion of a l l  the  systems of  t h e  rocket .  

A t  1626 Moscow time t h e  glowing d i sp lay  panel counts o f f  t h e  l a s t  seconds 
p r i o r  t o  l i f t o f f :  3 - 2 - 1 - 0. 

A b r i e f  word r i n g s  out l i k e  a shot :  " l i f t o f f ! "  

A blinding l i g h t  sears t h e  area. The Earth trembles.  A thunderous roa r  
spreads out across t h e  steppe. In a few seconds t h e  rocket has disappeared i n  
a cloud of  smoke. Then, slowly a t  f i r s t ,  then f a s t e r  and f a s t e r ,  as if i t  
were r i s i n g  on a t r a i l  o f  f i r e ,  t h e  rocket s t r a i n s  upward, carrying w i t h  i t  the  
automatic "Luna-16" s t a t i o n ,  shielded beneath t h e  nose cone. 

I Several t e n t h s  o f  a second have gone by, and only t h e  r o a r ,  hushed by t h e  
d i s t ance ,  but still  clear, moving across  t h e  starry sky of  evening t e l l s  of t h e  
event which has occurred. 

From t h e  lov'syenkers, through a s o f t  h i s s ing  sound, come t h e  words of  
r e p o r t s  from ground measuring po in t s  and sh ips  on t h e  f l i g h t  of t h e  rocket .  
F ina l ly  t h e  f i r s t  s t age  of t h e  f l i g h t  of t h e  c a r r i e r  rocket i s  complete, as 
i nd ica t ed  by t h e  c l e a r  words of t h e  r e p o r t .  "The 'Luna-16' s t a t i o n  toge the r  
with t h e  l a s t  s t a g e  o f  t h e  c a r r i e r  rocket has entered o r b i t  as an a r t i f i c i a l  
s a t e l l i t e  of  t h e  Earth with o r b i t a l  parameters t h a t  a r e  c lose  t o  t'iose t h a t  
were ca l cu la t ed !  The paximum d i s t ance  of t h e  s t a t i o n  from the  surface of t h e  
Earth is  212.2 km and i ts  i n c l i n i a t i o n  t o  t h e  plane of t h e  equator i s  51' 36 ' .  

After 70'minutes of f1-ight, when t h e  s t a t i o n  was over t h e  southern 
vastnesses  of t h e  A t l a n t i c  Ocean, on command from onboard programmer-timer 
devices ,  a switch was closed a t  t h e  appointed time and t h e  engine of t h e  l a s t  
s t a g e  of  t h e  rocket s epa ra t ed ,  giving t h e  s t a t i o n  a c a r e f u l l y  calcli lated 
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I t  was necessary t o  solve a number of complex engineering and t echn ica l  
problems t o  do t h i s .  

The first was t o  lauiich t h e  s t a t i o n  and make i t  t r a v e l  through space 
between t h e  Earth and t h e  Moon, then t o  i n j e c t  t h e  s t a t i o n  i n t o  circular o r b i t  
as an a r t i f ic ia l  satellite of t h e  Moon with s p e c i f i c  o r b i t a l  parameters. 

The second bas t o  achieve an automatic s o f t  landing of t h e  s t a t i o n  from t h e  
o r b i t  of an a r t i f i c i a l  satel l i te ,  i n  a spec i f i ed  region of t h e  lunar  su r face .  

The t h i r d  was t o  c o l l e c t  samples o f  l una r  rock by means of an automatic 
device and pack them hermetical ly  i n  a container .  

/ 14 The fou r th  was t o  enable an automatic rocket to  take o f f  from t h e  lunar  - 
su r face ,  t r a v e l  from t h e  Moot: t o  t h e  E a r t h ,  and land i n  a spec i f i ed  region 
i n  t h e  t e r r i t o r y  of t h e  Soviet  Union. 

The f i f t h  was t o  solve t h e  problem of r e tu rn ing  t o  Earth an e j e c t i o n  device 
carrying samples o f  lunar  s o i l ,  a d  t o  f ind  it a f t e r  i t s  descent by parachute.  

While t h e  first of t h e s e  tasks had already been solved success fu l ly  by 
Soviet cosmonautics, t h e  l a t te r  still  awaited so lu t ion .  

I t  is important t o  remember i n  t h i s  regard t h a t  it is not very important 
t o  solve each of  t h e s e  problems ind iv idua l ly ;  they must be combined i n t o  a 
s i n g l e  whole, assemble them, ensure t h e i r  mutual c o r r e l a t i o n ,  a i d  ensure t h a t  
various systems, apparatus and mechanisms w i l l  work s ide-by-side with a high 
degree of  accuracy and r e l i a b i l i t y .  

The dovelopment o f  t h e  "Luna-16" s t a t i o n  began on t h e  drawing board, i n  
t h e  design o f f i c e s ,  at  var ious experimental i n s t a l l a t i o n s ,  i n  f i r e  and cold,  
i n  t h e  pressure chamber and on t h e  v i b r a t i n g  s tand ,  i n  the  wind tunnel and i n  
both dynamic and s ta t ic  tests, i n  t h e  rays of t h e  Sun and i n  t h e  antenna farm, 
during a i r c r a f t  and h e l i c o p t e r  tests, i n  t h e  test area, on t h e  cen t r i fuge  and 
i n  t h e  water. Final ly ,  e l e c t r i c a l  and e l e c t r o n i c  ground tests of  t h e  f u l l y  
assembled s t a t i o n  i n  accordance with t h e  complete f l i g h t  program. 

A l l  o f  t h e  systems of t h e  s t a t i o n ,  a l l  o f  the  apparatus ,  every mechanism 
and assembly, every d e t a i l  was subjected t o  s i m i l a r  t e s t i n g .  

The labor  of  many tens of thousands o f  i nd iv idua l s  went i n t o  t h i s  amazing 
automatic spacec ra f t ,  which accomplished a cnnlpletely new task - t h e  task of 
bringing back t o  Earth by automatic means a sample of lunar  s o i l ,  without the  
d i r e c t  p a r t i c i p a t i o n  of m a n .  

"The task per fowed by t h e  'Luna-16' i s  a genuine revolut ion i n  t h e  t a s k s  
of  t h e  conquest o f  space. 
l a t e s t  automatic systems, without endangering human l i f e ,  t o  c a r r y  out t h e  

t h a t  a guided Soviet  Spacecraft  had now landed on one of t h e  p l ane t s  and was 

You have shown that i t  is  poss ib l e  by means of t h e  

And I am not su rp r i sed ,  having heard several years ago - boldest  of experiments. 
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carrying out experiments there. I am convinced that the 'Luna-16' vi11 make 
it possible within this decade, again with the aid of automatic devices, to 
collect a sample of rock, in particular, from Mars. Indeed, a new country is 
opening up before us in the field of interplanetary study and research." 

This is the way the experiment carried out by the "Luna-16" station ~ 3 s  
described by the director of the Jodrell Bank Radiophysical Observatory in 
England, Professor Bernard Lovell. 

"Luna- 16" 

The "Luna-16" automatic space station stands before us. It consists of a 
landing stage with a soil-collecting device and a "Moon-Earth" space rocket 
with the apparatus to be returned. 

The landing stage and the ''Moon-Earth" rocket are two independent rocket 
units which solve diametrically opposite problems. 
landing of the station on the surface of the Moon and the collection of a 
sample of lunar soil; the second makes possible the liftoff from the Moon and 
the return of this soil to Earth. 

The first ensures a soft 

Landing Stage 

This design is composed of the following e:ements: 

An engine unit which consists of the basic liquid-fueled jet engine with 
variable thrust for multiple operation, a system of tanks with fuel components, 
tubing and two low-thrust engines; 

- instrument compartments ; 

- four shock-absorbing landing struts. 

The hermetically sealed instrument compartments of the landing stage contain 1 

the following: 

Computer and gyroscopic devices for the control and stabilization systems 
of the station: 

- electronic devices in the orientation system; 

- onboard receiving-transmitting radio telemetric apparatus, operating on 
several wavelengths; 

- a programming-timing,apparatus which automatically controls the function 
of all the systems, instruments and assemblies in the station; 

- chemical storage batteries with regulators and current converters; 
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- autonomous radio altimeter, which measures not only the height above the 
surface of the Moon, but also the horizontal and vertical components of 
the rate of descent of the station during landing; 

- the elements of the temperature regulation system; 

- telephotometers for transmitting valuable information concerning the 
spot selected for soil sampling; 

- scientific apparatus which makes it possible to determine the temperature 
and radiational condit ' >ns both durin9 the flight of the station and 
following its landing on the surface 0: the Moon. 

A soil-collecting apparatus, optical sensors of the orientation system, 
operating elements of this system - gas jet micromotors with a supply of working 
material (gas) in spherical tanks are all mounted on the outer surfaces of the 
landing stage. 

The soil-collecting device of the "Luna-16" station, which permits drilling 
and transport of a sample of lunar soil from the surface of the Moon inside 
a container of the return stage, is composed of 3 basic parts: 

a drill with a system of electrical wires and drill bit; 

- rods to which the drill is fastened; 

- a drive which allows movement of the rod in both the vertical and - /16 
horizontal planes. 

In the upper part of the structure of the landing stage, the space rocket 
for return from the Moon to the Earth is fastened by means of separation charges. 

The landing stage also acts as a launching platform. 

The Woon-Earth" Rocket 

The rocket consists of the following: 

- the engine assembly, consisting of the liquid fueled jet engine and 
the group of spherical tanks containing fuel; 

- cylindrical instrument compartment, fastened to the central tank; 
- return apparatus which is fastened to the upper part of  the instrument 
compartment by means of 4 tightening metal strips. 

Inside the instrument compartment are the following: 

- rocket control system, composed of electronic, computer and gyroscopic 
devices ; 
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or i en ta t ion  was accomplished r e l a t i v e  t o  t h e  Sun, a f t e r  which t h e  Earth was 
sought ou t ,  whereupon t h e  s t a t i o n  c a r r i e d  out a number of programmed revolu t ions  
r e l a t i v e  t o  t h e  b a s i c  system of axes of t h e  coordinates  Sun-station-Earth and 
assumed t h e  i n i t i a l  pos i t i on  f o r  cor rec t ion .  

On 13 September 1970, a t  t h e  ca lcu la ted  t ime, on command from t h e  onboard 
control  system, t h e  motor u n i t  w a s  cu t  i n ,  giving t h e  "Luna-16" t h e  necessary 
cor rec t ing  push. 

The gyroscopic instruments i n  t h e  cont ro l  system, by means of aux i l i a ry  
elements ( s t a b i l i z a t i o n  motors and t h e  main engine mounted i n  a t i l t i n g  
arrangement) ensured s t a b i l i z a t i o n  of t h e  s t a t i o n  and maintenance of  t h e  set 
d i r e c t i o n  o f  t h e  t h r u s t  vec tor  during t h e  opera t ion  o f  t h e  motor u n i t  as t h e  
t r a j e c t o r y  was corrected.  

The t r a j e c t o r y  changes, made during t h e  co r rec t ion  sess ion ,  confirmed t h e  
high opera t iona l  accuracy of  t h e  "Luna-16" s t a t i o n ' s  cont ro l  systems and t h e  
motor un i t .  

The e r r o r  i n  sending t h e  s t a t i o n  t o  t h e  Mcm with respec t  t o  t h e  ca l cu la t ed  - /20 
point  was less than 10 km. 

The next important maneuver which was intended t o  be performed by t h e  
"Luna-16" s t a t i o n  j n  space drew near  - t h e  braking maneuver and t h e  i n s e r t i o n  
of  t h e  s t a t i o n  intcl o r b i t  as an a r t i f i c i a l  s a t e l l i t e  o f  t h e  Moon. 
maneuver required? Before t h i s  time, automatic s t a t i o n s  i n  t h e  "Luna" s e r i e s  
which had terminated t h e i r  .Jyages by a "soft" landing, had made a "direct"  
landing from t h e  t r a j e c t o r y  along which they had approached t h e  Moon. 

Why was t h i s  

Additional complication of t h e  f l i g h t  t r a j e c t o r y  o f  t h e  "Luna-16" s t a t i o n  
was caused by t h e  f a c t  t h a t  i n  t h e  absence of a "direct"  landing t h e  d i r e c t i o n  
of  movement of t h e  s t a t i o n  during t h e  approach t o  t h e  Moon d i d  not coincide 
with t h e  d i r e c t i o n  o f  t h e  Earth and var ied  from it by approximately 60'. 

In t h i s  connection, i f  t h e  "Luna-16" s t a t i o n  had made a d i r e c t  landing,  
it would have touched down somewhere a t  60' W i n  Oceanus Procellarum where t h e  
"Luna-9" and "Luna-13" had landed. In t h i s  s i t u a t i o n ,  a d i r e c t  launch t o  Earth 
without cor rec t ion  would have been simply impossible,  so t h a t  t h e  s t a t i o n  would 
not have reached t h e  Earth but would have passed t o  one s i d e  of i t .  

The designers  and b a l l i s t i c  exper t s  were faced with t h e  task of  g e t t i n g  t h e  
rocket back t o  Earth from t h e  Moon. 

There were two ways i n  which t h i s  problem could be solved. 

First Method. 

To make a "direct"  landing,  
take  o f f  from t h e  Moon and e n t e r  
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which had been t e s t e d  and proven ... 
o r b i t  as a s a t e l l i t e  of t h e  Moon, and only then 

Then t o  
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t o  t ake  o f f  f o r  t h e  Earth. I t  i s  necessary t o  t ake  i n t o  account i n  t h i s  
connection, however, t h a t  before  t ak ing  o f f  f o r  t h e  Moon it is  necessary t o  
ensure o r i e n t a t i o n  o f  t h e  lauching rocket a t  least with respect  t o  two 
astronomical reference po in t s .  I t  is  necessary t o  f ind  them and hold them i n  
t h e  f i e l d  of v i s ion  of  o p t i c a l  devices during t h e  operat ion of t h e  motor u n i t  
during takeoff .  
d i r e c t i o n  of t h e  t h r u s t  vec to r  o f  t h e  engine during t h e  takeoff  from t h e  Moon. 

In add i t ion ,  it it necessary t o  determine t h e  magnitude and 

This is  t h e  manner i n  which t h e  American manned spacec ra f t  i n  t h e  "Apollo" 
series flew. 
necessary t o  make t r a j e c t o r y  co r rec t ions  under t h e s e  circumstances, s i n c e  
each of  t h e  maneuvers l i s t e d  above involves c e r t a i n  e r r o r s  which must be 
corrected.  

I t  i s  obvious t h a t  on t h e  path from t h e  Moon t o  t h e  Earth it i s  

Consequently, on t h e  r e t u r n  t r i p  from t h e  Moon t o  t h e  Earth it w i l l  be 
necessary t o  take along a l l  of t h e  instruments tha t  were used fram t h e  f l i g h t  
t o  t h e  Earth t o  t h e  Moon but t h i s  means t h a t  t hese  devices must be mounted on 
t h e  rocket as  it t r a v e l s  from t h e  Moon t o  t h e  Earth and must be a b l e  t o  ope ra t e  
both on t h e  f l i g h t  from t h e  Earth t o  t h e  Moon and on t h e  r e t u r n  t r i p  o f  t h e  
rocket t o  Earth.  

I t  is obvious t h a t  t h i s  s o l u t i o n  t o  t h e  problem is  r a t h e r  cumbersome. The 
g r e a t e r  t h e  mass t h a t  we leave behind on t h e  Moon, t h e  l e s s  energy expenditure 
w i l l  be required t o  r e t u r n  t h e  rocket t o  Earth.  Consequently, it is d e s i r a b l e  
t o  have t h e  g r e a t , s t  amount of apparatus and instruments combined i n  t h e  landing 
s tage ,  which i s  l e f t  behind on t h e  Moon. 

Second Method - /2 1 

This c o n s i s t s  i n  t h e  following. I f  t h e  s t a t i o n  lands i n  t h e  region of t h e  
lunar  su r face  from which a v e r t i c a l  launch ( i n  t h e  d i r e c t i o n  opposi te  t o  lunar  
g rav i ty )  w i l l  ensure a landing on t h e  Earth, it i s  clear that  t h e  problem 
amounts t o  construct ing a lui-ar  v e r t i c a l ,  remembering t h i s  d i r e c t i o n ,  maintaining 
it during t h e  operat ion of t h e  motor u n i t  during l i f t o f f  from t h e  Moon, i . e . ,  
t o  r e t e n t i o n  o f  t h e  d i r e c t i o n a l  vec to r  of g rav i ty ,  exact determination of  t h e  
launch time f o r  landing a t  t h e  set area on t h e  Ea r th ' s  su r f ace  and giving t h e  
rocket t h e  necessary momentum t o  overcome lunar g rav i ty .  Further  movement of  
t h e  rocket occurs under t h e  inf luence o f  t h e  overwhelming g r a v i t a t i o n a l  p u l l  of 
t h e  Earth,  and t h e  rocket r e t u r n s  t o  t h e  s e t  region on Earth.  

c 

Calculat ions show t h a t  with t h i s  method the energy consumption of  t h i s  
experiment i s  most favorable ,  inasmuch as t h e  p r i n c i p a l  mass of  t h e  system and 
instruments remains on t h e  Moon and only t h e  gyroscopic po r t ion  o f  t h e  
instruments is located aboard t h e  r e t u r n  rocket .  

I t  is  c l e a r  t h a t  it i s  only f r o m  t h e  o r b i t  of  an a r t i f i c i a l  s a t e l l i t e  of 
t h e  Moon t h a t  a h igh ly  accu ra t e  landing can be made i n  t h e  region of  t h e  Moon 
which is of  i n t e r e s t  t o  s c i e n t i s t s  (and t h e r e  a r e  seve ra l  regions depending on 
t h e  mutual pos i t i ons  o f  t h e  Ea l th  and t h e  Moon). 

I 
19 



t 

i, 
! 

T h i s  is why t h e  f l i g h t  t r a j e c t o r y  of t h e  "Luna-16" s t a t i o n  d i f f e r s  from t h e  
t r a j e c t o r i e s  along whicb t h e  "Luna-9" and "Lune-13" flew. 

Mare Fecund i t a t i s  w2s chosen f o r  t h e  landing of t h e  "Luna-16" s t a t i o n ;  
t h i s  s t r u c t u r e  i s  located i n  t h e  eas t e rn  hemisphere of t h e  s i d e  of  t h e  Moon which 
is v i s i b l e  from t h e  Earth.  

5 

No spacec ra f t  had previously landed i n  Mare Fecund i t a t i s .  
surrounded by mountains on a l l  s i d e s ,  i s  p a r t i c u l a r l y  i n t e r e s t i n g  f o r  science 
because i n  t h e  opinion of  s c i e n t i s t s  it i s  a d i s t i n c t i v e  sea of lava,  of 
comparatively recent  o r i g i n .  

This region,  

"Luna- 16" was approaching t h e  Moon. 

By means of ground and onboard r ad io  systems t h e  f l i g h t  t r a j e c t o r y  of t h e  ; i 
s t a t i o n  was determined during t h e  radio communications se s s ions  and the  o r i g i n a l  
d a t a  were reca l cu la t ed  f o r  carrying out  t h e  braking sequence; t h e  p o s i t i o n  
of  t h e  s t a t i o n  i n  space,  t h e  magnitude o f  t h e  braking pulse  and t h e  time of 
operat ion of t h e  motor u n i t .  These d a t a  were transmit ted i n  coded form along 
radio channels t o  t h e  e l e c t r o n i c  memory devices  i n  t h e  s t a t i o n  con t ro l  system. 

On command from Earth,  a t  a spec i f i ed  time, when the s t a t i o n  had reached 
a given region i n  space near  t h e  Moon, t h e  onboard automatic systems sprang 
i n t o  ac t ion  and t h e  e n t i r e  process o f  t h e  braking sequence proceeded i n  
accordance with t h e  planned program. 

Previously,  by means o f  s tar  systems and low-thrust  motors, t h e  s t a t i o n  
had been o r i en ted  with respect  t o  t h e  Earth and the  Sun and had occupied a 
s t r i c t l y  determined p o s i t i o n  i n  space such t h a t  t h e  t h r u s t  of thc motor assembly 
during operat ion of  t h e  l a t te r  was d i r e c t e d  opposi te  t o  t h e  d i r e c t i o n  of f l i g h t  
of t h e  s t a t i o n .  
October a t  0238 Moscow time t h e  motors i n  t h e  landing s t a g e  c ; c t i o n  were cut i n  
f o r  t h e  second time. 
s t a t i o n  was reduced and it went i n t o  o r b i t  as an a r t i f i c i a l  s a t e l l i t e  of the  
Moon with t h e  following parameters: 

After ca r ry ing  ou t  a l l  of the prepared o p e r a t i c n s ,  on 17 

As a r e s u l t  of t h i s  maneuver, t h e  f l i g h t  speed of  t h e  

Height above t h e  su r face  of  t h e  Moon - 110 km; 

i n c l i n a t i o n  of t h e  o r b i t  t o  t h e  plane of t h e  lunar  equator - 70'; 
period of r evo lu t ion  - 1 hour 59 minutes. 

The s t a g e  of t h e  f l i g h t  between t h e  Earth and t h e  o r b i t  of t h e  s a t e l l i t e  
aroucd t h e  Moon had been completed. During t h i s  time, t h e  Earth had communicated 
with "Luna-16" 26 times. During t h e s e  communication se s s ions ,  measurements 
had been made of t h e  parameters of t h e  t r a j e c t o r y  of  the  movement o f  t h e  s t a t i o n ,  
t h e  operat ion of  t h e  onboard systems had been checked and two maneuvers had 
been c a r r i e d  out - cor rec t ion  of  t h e  t r a j e c t o r y  and braking. 
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Orbi t  af ter  Orbi t  

For 75 hours and 26 minutes,  t h e  "Luna-16" automatic s t a t i o n  was i n  o r b i t  

A t  t h i s  s t a g e  of  t h e  f l i g h t  t h e  opera t ing  
3s an a r t i f i c i a l  sa te l l i t e  o f  t h e  Moon, during which time it completed 41 o r b i t s  
and t r a v e l l e d  approximately 47,000 km. 
rhythm of  t h e  ground measuring systems and t h e  Coordination-Computing Center  
increased markedly and t h e  process  of  car ry ing  out  t h e  r ad io  communications 
se s s ions  became more complicated. A t  t h e  same time, while communication with 
t h e  s t a t i o n  during t h e  i;avel of  t h e  l a t te r  over t h e  Earth-Moon rou te  could be 
maintained p r a c t i c a l l y  a l l  of  t h e  time, when t h e  Moon was i n  t h e  f i e l d  of t h e  
r ad io  v i s i b i l i t y  o f  t h e  measuring devices ,  now, when t h e  s t a t i o n  was hidden 
behind t h e  Moon i n  t h e  course of i t s  movements on i t s  o r b i t ,  r ad io  communication 
with it was n a t u r a l l y  suspended. 
antennas had followed t h e  d a i l y  r o t a t i o n  of  t h e  Earth along t h e  Earth-Moon 
rou te  and t h e  smooth monotonic movement of t h e  s t a t i o n  along its t r a j e c t o r y ,  
now t h e  antennas were forced t o  fol low the  movement of  t h e  Earth,  t h e  Moon 
(during one hour of  i t s  movement i n  o r b i t ,  t h e  Moon covers a d i s t ance  approxi- 
mately equal t o  0.1 o f  t h e  d i s t ance  between t h e  Earth and t h e  Moon, i . e . ,  3,680 
km) and r ap id ly  changing with respec t  t o  t h e  d i r e c t i o n  of  movement of t h e  
s t a t i o n  along t h e  o r b i t  o f  t h e  sa te l l i t e .  The s t a t i o n  i s  loca ted  i n  t h e  zone 
o f  v i s i b i l i t y  o f  t h e  antenna a t  1 limb of  t h e  Moon, and d isappears  behind t h e  
o t h e r ,  arid t h e  antenna must con t inua l ly  "sweep" i n  o rde r  t o  maintain communica- 
t i o n  with t h e  s t a t i o n .  
t h e  computers were required t o  increase t h e  volume o f  work considerably.  

In add i t ion ,  while t h e  rece iv ing- t ransmi t t ing  

I t  is na tu ra l  t h a t  even f o r  c a l c u l a t i n g  t h e  aiming 

In add i t ion ,  t h e  "Luna-16" had t o  be prepared f c r  landing.  I t  was necessary 
t o  solve t h e  complex problem o f  forming t h e  pre-landing o r b i t .  This o r b i t  must 
correspond t o  t h e  optimum condi t ions  o f  opera t ion  of  t h e  autonomous systems f o r  
t h e  cont ro l  of t h e  s t a t i o n  during t h e  phase o f  descent  and s o f t  landing of  t h e  
"Luna-11)" on t h e  su r face  i n  t h e  des i r ed  area. For t h i s  purpose, maneuvers were 
ca r r i ed  out  in circumlunar o r b i t  on two occasions,  18 and 19 September. 
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As a r e s u l t  o f  t h e  first maneuver, t h e  shape of  t h e  o r b i t  was changed: 

from being c i r c u l a r ,  it became e l l i p t i c a l ,  with an a l t i t u d e  a t  pe r i lune  (minimum 
d i s t ance  from t h e  su r face  of  t h e  Moon) of 15 km anc a t  apolune (maximum d i s t ance  
from t h e  su r face  of  t h e  Moon) of 110 km. 

The s e c m d  maneuver was used t o  tilt t h e  p lane  o f  t h e  o r b i t  s l i g h t l y .  As 
t h e  r e s u l t ,  t.he i n c l i n a t i o n  o f  t h e  o r b i t  t o  t h e  p lane  of  t h e  lunar  equator  was 
now 71°, t h e  a l t i t u d e  a t  apolune was 106 km and t h e  per iod of  r o t a t i o n  was 1 
hour m Z  54 minutes. 

To ca r ry  out  t h e s e  maneuvers, appropr ia te  b a l l i s t i c  ca l cu la t ions  were made 
taking t h e  following i n t o  account: 
evolut ion of  t h e  o r b i t  of t h e  s t a t i o n  under t h e  inf luence  of t h e  f i e l d  of  lunar  
grav i ty ,  t h e  d a t a  on i n s u f f i c i e n t l y  inves t iga t ed  g r a v i t a t i o n a l  anomalies on 
t h e  Moon -mascons, t h e  inf luence  of t h e  Sun and t h e  Earth on t h e  movement of  
t h e  s t a t i o n .  A s  a r e s u l t  of t h e s e  ca l cu la t ions ,  rad da ta  were obtained f o r  
carrying out  subsequent maneuvers. During t h e  r ad io  communications sess ions ,  
they wcre t ransmi t ted  t o  t h e  s t a t i o n  and "stored i n  t h e  memory" of  t h e  device 
i n  t h e  control system. 

t h e  d a t a  of  t r a j e c t o r y  measurements, t h e  

21 



P r i o r  t o  each maneuver, o r i e n t a t i o n  sessions were held t o  dtLermine the  
pos i t i on  of t h e  s t a t i o n  with respect  t o  t h e  Sun and t h e  Earth with "holding" 
of t h e  luminaries i n  t h e  v i s u a l  f i e l d s  of t h e  sensors;  programmed r o t a t i o n s  of 
t h e  s t a t i o n  r e l a t i v e  t o  t h e  p l o t t e d  coordinate  axes Sun-station-Earth i n  t h e  
o r i g i n a l  pos i t i on  were c a r r i e d  out .  

On two occasions,  a t  a s t r i c t l j  determined time, t h e  motor assembly of t h e  
landing s t a g e  was cu t  i n  and out .  

A s  t h e  t r a j e c t o r y  measurements made af ter  co r rec t ion  of t h e  o r b i t  showed, 
t h e  a c t u a l  pre-landing o r b i t  p r a c t i c a l l y  coincided w i t h  t h e  ca l cu la t ed  one. 

I t  is  necessary t o  emphasize once agair  the  f a u l t l e s s  funct ion of a l l  
I t  wds nct  always poss ib l e  t o  " in t e r f e re"  automatic systems aboard t h e  s t a t i o n .  

i n  t h e  control  process from Earth,  first of a l l  because of t h e  high r a t e  of 
speed a t  which t h e  processes took p l ace  and secondly because a number of operat ions 
were c a r r i e d  out when t h e  s t a t i o n  was behind t h e  Moon and could not be reached 
by t e r r e s t r i a l  means. 

The s ta t iosl  continued i ts  f l i g h t  i n  circumlunar o r b i t .  The period of t h e  
f i r s t ,  prelanding o r b i t  had begun. 

/ 24 Soft  Landing - 
On t h e  20th o f  September, a t  0696, on command f r o s  Earth one of t h e  impor- 

t a n t  s t ages  i n  the  f l i g h t  of t h i s  s t a t i o n  commenced - p r e p a r a t i o n  f o r  making a 
s o f t  landing on the lunar  surface.  

Now it was necessary t o  a c t i v a t e  devices which had not played a path i n  t h e  
f l i g h t  he re to fo re  - t h e  apparatus f o r  s o f t  landing, cons i s t ing  of a Doppler 
v e l o c i t y  meter, r ad io  a l t i m e t e r  and l o g i c a l  automatic devices .  

One can e a s i l y  imagine how t h e  ind iv idua l s  performing t h e s e  maneuvers were 
exci ted.  Indeed, t h e  device was supposed t o  ca r ry  out measurements of changing 
a l t i t u d e ,  t h e  ho r i zon ta l  and v e r t i c a l  components o f  t h e  v e l o c i t y  of  t h e  s t a t i o n  
during descent ,  t o  compare the measured parameters w i t h  t h e  ca l cu la t ed  ones,  
t o  make t h e  co r rec t ing  signals i n  t h e  e i e n t  of the  lack of  correspondence, and, 
while s t r i c t l y  maintaining t h e  descent t r a j e c t o r y  of  t h e  s t a t i o n ,  t o  make a s o f t  
landing i n  t h e  given area. 

A t  0641 t h e  s t a t i o n  disappeared behind the  Moon and i ts  radio s i g n a l s  could 
only be  picked up from Earth a t  0731, when t h e  s t a t i o n  came out from behind t h e  
southwestern limb of t h e  Moon. I 

A t o t a l  of 41 minutes remained before  t h e  motor u n i t  would be cu t  i n .  

The onboard automatic systems were functioning r e l i a b l y  and smoothly. 

i 
i 

Telemetry was t r ansmi t t i ng  information on t h e  s t a t e  of  t h e  s t a t i o n  t o  Earth 

A t  t h e  coordination-computer cen te r ,  a l l  a t t e n t i o n  was d i r e c t e d  t o  t h e  
Or i en ta t ion  of t h e  s t a t  clocks and t h e  b r i e f  reports from t h e  loudspeaker. on 
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A t  0812, when t h e  s t a t i o n  was 250 km from t h e  landing s i t e ,  t h e  main motor 
assembly was cu t  i n  a t  an a l t i t u d e  o f  approximately 15 km, so t h a t  t he  v e l o c i t y  
dropped t o  a value which would ensure t r a n s i t i o n  t o  t h e  descent mode. 

During t h e  braking maneuver, t h e  s t a t i o n  was i n  a s t r i c t l y  determined 
a t t i t u d e .  Therefore,  t h e  r epor t  o f  t h e  loudspeaker was frequent ly  r e p e t i ?  ous: 
"roll-pitch-yaw normal!" P a r t i c u l a r l y  t h e s e  r e p o r t s  as well as another ,  "pressure 
i n  t h e  combustion chamber normal!'' answered simultaneously t h e  quest ion as t o  
how braking sequence was preceeding. 
t h e  motor u n i t  was shut down and t h e  s t a t i o n ,  descending from o r b i t ,  began t o  
"fall" along a b a l l i s t i c  t r a j e c t o r y  t o  t h e  Moon. During t h i s  time, a u x i l i a r y  
elements i n  t h e  con t ro l  system were ope ra t ing  t o  ensure s t ab i l ' z a t ion  o f  t h e  
s t a t i o n  i n  accordance with t h e  program o f  descent .  

nfter functioning f o r  t h e  appointed time, - /2b 

A t  an a l t i t u d e  o f  600 m from t h e  su r f ace  o f  t h e  Moon, on command from t h e  
r a d i o  altimeter, t h e  motor assembly was cu t  i n  once more. The sequence of 
p r e c i s e  braking had begun. During t h i s  sequence t h e  t h r u s t  of t h e  motor assembly 
was var ied as a function of t h e  s l g n a l s  s en t  by t h e  s o f t  landing apparatus 
which c a r e f u l l y  followed and c a r r i e d  out t h e  set  program f o r  t h e  landing. 
r a d i o  altimeter and Doppler ve loc i ty  meter functioned flawlessly. 
t r a n s m i t t e r  cgntinuously sen t  ou t  r ad io  s i g n a l s  i n  t h e  d i r e c t i o n  o f  the  Moon 
which were r e f l e c t e d  from i ts  su r face  and were picked up by t h e  r ece iv ing  
antenna of t h e  s t a t i o n ,  then fed i n t o  a l o g i c  device where the measured paramezers 
were compared with t h e  programmed ones and t h e  required con t ro l  s i g n a l s  were 
given when t h e r e  was a lack o f  agreement. 
a v e l o c i t y  o f  approximately 2.5 m p e r  second (while i n  o r b i t  i t s  v e l o c i t y  had 
been about 1600 F. a second). Upon reaching t h i s  a l t i t u d e ,  t h e  main motor u n i t  
was shu t  down and 2 low-thrust  motors were cu t  i n  whicn ensured t h e  s o f t  landing 
o f  t h e  s t a t i o i  on t h e  Moon. 

The 
The 

A t  t h e  20 meter mark t h e  s t a t i m  had 

On command from t h e  g a m a  altimeter, the.cz motors were shut  down i n  t h e  
immediate v i c i n i t y  o f  t h e  lunar  su r face .  

The landing pads of t h e  s t a t i o n  contacted t h e  su r face ,  cushioning t h e  shock. 
The "Luna-16" had completzd t h e  f i r s t  s t a g e  of i t s  joLmey through space.  This 
occurred on t h e  20th of September 1970 a t  0818 Moscow time. The s t a t i o n  landed 
i n  t h e  region of Mare Fecundi ta t is ,  1-1/2 km from t h e  designated p o i n t ,  * i t h  
t h e  coordinates  0' 41 ' S and 56' 18 E. 

The landing s i t e  a t  t h i s  time was i n  t h e  lunar  n igh t ,  and t h e  temperature 
on t h e  su r face  reached -120' Cels ius .  

Before going on t o  t h e  s t o r y  o f  t h e  work o f  t h e  s t a t i o n  on t h e  Moon, we 
shotild go i n t o  a l i t t l e  more d e t a i l  regarding the las t  s t a g e  of t h e  landing, 
t h e  funct ion and design o f  t h e  landing s t r u t s ,  which reduced t h e  speed o f  t h e  
s t a t i o n  t o  zero, holding i t  f i rmly on t h e  luna r  su r face  during t h e  opcrat ion 
o f  t h e  geological  robot and during launching of t h e  r e t u r n  rocket from t h e  Moon 
t o  t h e  Earth.  

The landing devices o f  t h e  "Luna-16" s t a t i o n  nust correspond t o  t h e  follow- 
ing condi t ions : 
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they must opera te  i n  t h e  temperature range from -160 t o  +130° Ce l s ius ,  i n  
a high vacuum and under t h e  inf luence  of  cosmic r ad ia t ion ;  

They m u s t  keep t h e  s t a t i o n  from t i p p i n g  i n  t h e  event t h a t  it lands on 
a smooth s lope  3r i n  an area with uneven relief;  

they must allow a s o f t  landing of  t h e  s t a t i o n  without bouncing. 

They nust  be  l i g h t ,  s t rong ,  q u i t e  simple i n  design,  and what i s  most impor- - / 2 7  
t a n t ,  fail-safe. 

In order  t o  cushion t h e  shock aga ins t  t h e  su r face  of  t h e  Moon ( the  mass of  

However, t h e r e  are seve ra l  "buts", 
t h e  s t a t i o n  i s  1,880 kg), it is necessary t o  have movable shock absorbing devices ,  
f o r  example, l i k e  those  on modem aircraft .  
which prevent a i r c r a f t  design from being employed. 

The first is t h e  fact t h a t  f l u i d  is used as a shock absorbing agent i n  
aircraft shock absorbers.  
e spec ia l ly  its v i s c o s i t y  i n  a temperature range from -160 t o  +130° Cels ius .  

But what f l u i d  can r e t a i n  i t s  p rope r t i e s  and 

The second is  t h a t  a gap must be provided t o  ensure movement o f  t h e  shock 
absorbing mechanism between t h e  internal and ex te rna l  s e c t i o n s  of t h e  movable 
connection, but  t h e  gap must be minimal, with a complex system of  glands,  
otherwise a l l  o f  t h e  f l u i d  would simply evaporate  i n  t h e  vacuum o f  space which 
is mm Hg. - 

I t  is a very d i f f i c u l t  problem to  create a minimum gap with temperature 
drops of  approximately 300' Ce l s ius  not  t o  mention glands t h a t  a r e  designed f o r  
working a t  such high vacuum. 

Indeed, a l l  kinds of  rubber and p l a s t i c  s u b s t i t u t e s  l o s e  t h e i r  e l a s t i c i t y  
a t  such temperatures and vacuums and adhere f i rmly  t o  t h e  metal, so t h a t  a 
f ixed  connection is obtained ins tead  of a movable one. 
i n t o  account t h a t  metals themselves are welded toge ther  i n  a vacuum. 
assume t h a t  t h e  designers  have been ab le  t o  overcome these  d i f f i c u l t i e s ;  however, 
t h e  design is then q u i t e  complex and heavy. 
extremely low. 

I t  i s  necessary t o  t a k e  
Let us 

In add i t ion ,  i t s  r e l i a b i l i t y  i s  

I t  is clear from t h e  above t h a t  t h e  problem of  developing a landing device  
was not  as simple as it  seemed ar first glance.  

The designers  searched f o r  a long time. They made many tests. Fa i lures  
and successes.  F ina l ly ,  they  found a so lu t ion .  I t  was simple and r e l i a b l e .  

Imagine two tubes ( s t r u t s ) ,  one i n s i d e  t h e  o t h e r  and l inked by z metal 
spr ing ,  serving f o r  expansion (when onc s t r u t  is  pushed i n t o  t h e  o t h e r ) .  This  
design has been known f o r  a long time, but  it has  one shortcoming - t h e  spr ing  
works both during compression and expans im,  i . e . ,  t h e  expansion cyc le  i s  
followed by a relief of stress, followed i n  t u r n  by t h e  process  o f  compression, 
and t h i s  kind o f  a mechanical movable system w i l l  go i n t o  o s c i l l a t i o n .  
"Luna-16" s t a t i o n ,  on t h e  o t h e r  hand, must make a ! . f t  landing without bouncing. 

The 
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In accordance with r ad io  commands from Earth,  t h e  s o i l - c o l l e c t i n g  apparatus  
was ac t iva t ed  and t h e  cameras of  t h e  te lephotometers  were switched on, t o  ensure 
t ransmission t o  Earth o f  d a t a  showing p i c t u r e s  of t h e  p lace  from which t h e  lunar  
s o i l  was cc l l ec t ed .  
p ro tec ted  t h e  s o i l - c o l l e c t i n g  device during t h e  f l i g h t  o f  t h e  s t a t i o n  and an arm 
with a firill on t h e  end was r a i sed  to  a v e r t i c a l  pos i t i on  by one o f  t h e  d r ives .  
Then a second d r i v e  turned it around i ts  v e r t i c a l  a x i s  thyough 180'. 

New commands were given. A panel opened which had c a r e f u l l y  

Before t h e  arm comes down, an automatic device func t ions  t o  open up a 
cover on t h e  d r i l l .  

When it contac ts  t h e  su r face  of t h e  Moon, a contact  sensor  opera tes  and 
a telemetric signal Lransmits t h i s  news t o  Earth.  

Contact! The d r i l l  is ready t o  work! On command f r o m  t h e  opera tor ,  d r i v e  
mechanisms were a c t i v a t e d ,  one t o  r o t a t e  t h e  co re  d r i l l  and t h e  o the r  t o  move 
it downward i n t o  t h e  depth of t h e  lunar  s o i l .  

20 September 1970, a t  0903 Moscow time, t h e  device con t ro l l ed  from Earth 
The process o f  c o l l e c t i n g  soi l  had begun. first; s t a r t e d  working on t h e  Moon. 

Measurements o f  t h e  dens i ty  o f  t h e  lunar  s o i l  and t h e  rate of  pene t r a t ion  o f  t h e  
d r i l l  i n t o  t h e  lunar  rock were made. 

A t  0910, when t h e  d r i l l  was submerged t o  a depth o f  350 mm, t h e  device 
ceased opera t ion  and a d r i v e  r e tu r r ed  t h e  d r i l l  b i t  from t h e  lunar  s o i l  i n t o  
t h e  housing o f  t h e  d r i l l .  

The arm d r i v e  was again ac t iva t ed ;  it was r a i s e d  t o  a v e r t i c a l  pos i t i on ,  
turned through 180' around i t s  axis, and t h e  d r i l l  was brought t o  t h e  rece iv ing  
opening of t h e  hermetic conta iner  i n  t h e  r e tu rn  apparatus .  

The next command i n  sequence was given and t h e  d r i l l  containing p a r t i c l e s  
of  t h e  Moon movzd i n t o  t h e  conta iner .  
moved away from t h e  rece iv ing  opening after which a spec ia l  automatic device 
hermet ica l ly  sea led  t h e  opening i n  t h e  r e tu rn  apparatus .  

The arm containing t h e  d r i l l  housing 

Hardly two hours had passed s i n c e  t h e  "Luna-16'' s t a t i o n  had landed, and 
an .,irportant p a r t  o f  t h e  program o f  i t s  f l i g h t  had a l ready  been completed 
successfu l ly .  

The luiiar s o i l  had been co l lec ted!  

I t  is not  d i f f i c u l t  t o  imagine t h e  mood of  those  who had b u i l t  t h e  s o i l -  
- co l l ec t ing  device.  
porat ion of the  design i n  metal ,  t h e  t e s t i n g  and t h e  t r i a l .  

Behfnd them were t h e  iong searches for  t h e  des ign ,  incor-  

c 

And a l l  of  t h i s  was f o r  t h e  f i rs t  time. None of them had ever designed 
an automatic lunar  geologis t .  
Like a t e r r e s t r i a l  excavator with a s i n g l e  bucket,  o r  l ike a r o t a r y  mul t ip le -  

What should t h e  s o i i - c o l l e c t i n g  device  be l i k e ?  
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-bucket device with a h e l i c a l  feed mechanism? 
l i k e  t h a t  which i s  used by geo log i s t s  on Earth t o  c o l l e c t  s o i l  samples? 
s o i l  i t s e l f  might be d i f f e r e n t  - from s h i f t i n g  sand t o  s o l i d  b a s a l t ,  and it i s  
necessary t h a t  t h e  c o l l e c t i o n  be made without d i s tu rb ing  t h e  s t r u c t u r e  of t h e  
s o i l  sample with regard t o  depth.  

O r  d id  i t  have t o  be a d r i l l  r i g  
And t h e  

This immediately ru l ed  out  t h e  excavator design. In t h e  f irst  p lace ,  it 
covld not c o l l e c t  hard rocks such as b a s a l t ;  secondly, it would d i s t u r b  t h e  
s t r u c t u r e  of  s o f t  rocks and i n  t h e  t h i r d  place t h e  conveying and packing of t h e  
s o i l  from t h e  scoop i n  t h e  conta iner  would be a d i f f i c u l t  task. 

There remained the  core d r i l l  - a tube w i t h  a c u t t i n g  edge a t  t h e  end. 

I t  had a l o t  o f  problems:. while it would d r i l l  well through hard rocks and 
hold them, it would d r i l l  e a s i l y  through s o f t  ones but would not be a b l e  t o  
hold them. 

To so lve  t h e  b a s i c  problem (holding of t h e  s o i l )  t h e  "Luna-16" s t a t i o n  a l s o  
c a r r i e d  out  temperature measurements of t h e  design elements and t h e  l eve l  o f  
r ad ia t ion  at  t h e  lunar sur face ,  whose r e s u l t s  were t ransmi t ted  t o  Earth.  

L i f t c f f  from t h e  Moon and t h e  Wav Back t o  Earth 

A l l  o f  t h e  operat ions involved i n  t h e  c o l l e c t i o n  of t h i s  s o i l  were completed, 
and t h e  necessary tests of t h e  apparatus and t h e  systems of  t h e  s t a t i o n  had 
been c a r r i e d  out .  The computers a t  t h e  Center f o r  Remote Cosmic Communications 
t ransmi t ted  a l l  necessary d a t a  concerning launch time and t h e  necessary impulse 
which would make poss ib l e  t h e  r e t u r n  t o  Earth of t h e  first lunar  automatic 
rocket .  

On rad io  command from Earth,  t h e  raw da ta  were "stored" i n  t h e  "memory" 
( i n  an e l e c t r o n i c  computer) of  t h e  cont ro l  system of t h e  "Moon-Earth" rocke t .  

Now t h e  landing platform o f  t h e  trLuna-16" s t a t i o n  turned i n t o  an automatic I 
device  which w a s  preparing and ensuring t h e  launch o f  t h e  "Moon-Earth" rocket .  

The command was given. A t  t h i s  moment, t h e  success of  t h e  f l i g h t  with t h e  
func t ion  of t h e  opera t ion  of t h e  automatic cont ro l  system and t h e  motor assembly. 

F r o m  aboard t h e  rocke t ,  r ad io  s i g n a l s  reported t o  Earth s tep-by-step 
regarding t h e  processing of t h e  launch programming. 

The d i r e c t o r s  of  t h e  f l i g h t ,  t h e  head designer ,  t h e  engineers and des igners ,  
s c i e n t i s t s ,  c o n t r o l l e r s  - a l l  were f i l l e d  with anxiety and expec ta t ion .  

This  was understandable:  an event was going t o  take p lace  which was 
unprecedented i n  cosmonaut ix .  
be launched t o  Earth from another heavenly body t o  serve  t h e  w i l l  o f  man, a f t e r  
i t  had c a r r i e d  out  t h e  necessary research program. 

For t h e  first time, an automatic rocket  would 
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Fina l ly ,  t h e  triumphant and exc i ted  words sounded i n  t h e  loudspeaker: we 
have ign i t ion !  The engines are go. L i f t o f f !  This took place on 21  September 
1970 a t  1043 Moscow time, 26 hours and 25 minutes a f t e r  t h e  "Luna-16" s t a t i o n  
had landed on t h e  Moon. 

Le t ' s  have a look a t  t h e  r e t u r n  rocket .  
is t h e  s t rong  aerodynamically designed s h e l l  of t h e  rocke t ,  t ipped with a 
conical  nose,  t h e  shape with which we are so familiar? 

I t s  appearance is  s t range .  Where 

Here everything is on view! The r e tu rn  apparatus  and t h e  instrument 
package, t h e  engine sec t ion  with i t s  sphe r i ca l  tanks i n  which t h e  fue l  and 
antennas are contained. I f  such a rocket were t o  take o f f  on Earth,  it would 
be destroyed i n  an in s t an t  by t h e  rushing a i r .  

On t h e  Moon, however, which lacks an atmosphere, t h e  housing of  t h e  rocket -- /33 
and t h e  envelope are not requi red ;  they only c o n s t i t u t e  extra mass. 

The landing platform o f  t h e  "Luna-16" s t a t i o n ,  af ter  t h e  r e tu rn  rocket was 
launched, remained on t h e  su r face  o f  t h e  Moon and continued t o  make temperature 
and r ad ia t ion  measurements according t o  plan.  

But what of  t h e  rocke t ,  t h e  automatic mechanisms were working c o r r e c t l y .  
Upon reaching t h e  necessary v e l o c i t y  of 0708 m a second, t h e  engines shut  down 
and t h e  rocket  toge ther  with a l l  t h e  apparatus onboard heads f o r  Earth.  

The f l i g h t  goes on. The onboard r ad io  system starts working a t  a frequency 
of 183.6 MHz, i n  o rde r  t o  ensure continuous r ad io  co rnmica t ion  with t h e  Earth 
during t h e  3-day f l i g h t  of t h e  rocket  and t o  ca r ry  out  t r a j e c t o r y  measurements 
t o  zero i n  on t h e  landing s i te  on Earth f o r  t h e  r e tu rn ing  apparatus .  

During t h e  f l i g h t ,  t h e  temperature r egu la t ion  system of t h e  re turn ing  
apparatus  operated r e l i a b l y ,  providing t h e  c o r r e c t  temperature condi t ions i n  t h e  
compartments. 

The funct ioning o f  t h e  cont ro l  systems, r a d i o  communication, temperature 
regula t ion ,  e t c . ,  would have been impossible without t h e  r e l i a b l e  funct ioning 
of t h e  power supply system. This  system a l s o  worked f lawless ly .  

As a r e s u l t  o f  t h e  p rec i se ly  performed opera t ions  a s  t h e  rocket  took o f f  
from t h e  Moon, t h e  flawless opera t ion  of t h e  engines,  t h e  cont ro l  system and 
o the r  apparatus ,  a spacecraf t  re turned t o  Earth f o r  t h e  f i r s t  time a t  t h e  
appointed si te without r equ i r ing  any co r rec t ions  t c  t h e  t r a j e c t o r y !  

This happened e a r l y  i n  t h e  morning of  24 September 1970. 

Travel ing a t  a ve loc i ty  somewhat g r e a t e r  than 11 km a second, t h e  rocket  
containing t h e  r e tu rn ing  apparatus  approached t h e  Earth which it had le f t  12 
days previously.  

Three hours and 20 minutes p r i o r  t o  t h e  entrance of a rocket  toge ther  w i t h  
t h e  re turn ing  apparatus i n t o  t h e  dense l aye r s  o f  t h e  atmosphere, t h e  percussion 
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. 
t h e  main chute opened and 3 f l e x i b l e  antennas o f  t h e  d i r ec t ion - f ind ing  r a d i o  
t r a n s m i t t e r  unfolded. 
ground. 

This took place a t  an a l t i t u d e  o f  11 km above t h e  

P r a c t i c a l l y  simultaneously with t h e  unfolding o f  t h e  antennas,  t h e  d i r e c t i o n  
f inding t r a n s m i t t e r  began t o  ope ra t e ,  s e n d i q  out  i t s  s igna l  i n t o  t h e  e t h e r :  
"Here I am! Here I a d t t  

A t  0814 Moscow time t h i s  signal was pickea up by a i rc raf t ,  h e l i c o p t e r s  and 
. ground f a c i l i t i e s  of t h e  search group, which concentrated i n  t h e  planned area 

f o r  t h e  landing of t h e  r e tu rn ing  apparatus .  
t o  t h e  ground was observed from a he l i cop te r .  

Subsequent descent o f  t h e  apparatus  

A t  0825, t h e  r e tu rn ing  apparatus  landed on tile ground 80 km t o  t h e  southeast  
of t h e  c i t y  o f  Dzhezkazgan, not very far  away from t h e  point  a t  which t h e  
carrier rocket which had s e n t  t h e  "Luna-16" s t a t i o n  t o  t h e  Moon had l i f t e d  o f f .  

The f l i g h t  of t h e  "Luna-16" automatic s t a t i o n  a t t r a c t e d  t h e  a t t e n t i o n  o f  
s c i e n t i s t s  a l l  ove r  t h e  world. 
United S t a t e s  s c i e n t i s t s  made regarding t h i s  experiment. The USA has i t s  own 
na t iona l  program f o r  i n v e s t i g a t i o n  of space which is aimed, i n  p a r t i c u l a r ,  a t  
studying t h e  Moon by means o f  manned spacec ra f t  i n  t h e  "Apollo" program. 

I t  is i n t e r e s t i n g  t o  note  t h e  evaluat ion which 

Here is  t h e  statement o f  a famous American s c i e n t i s t ,  t h e  head o f  t h e  
Department o f  Astronomy a t  t h e  C a l i f o r n i a  I n s t i t u t e  o f  Technology, Doctor D. 
Greenstein,  who is a l s o  t h e  head of t h e  Mount Wilson and Palomar Observator ies .  

' I . .  .The first unmanned f l i g h t  t o  t h e  Moon and back, made by t h e  "Luna-16" 
The horizons 

We s c i e n t i s t s  are exc i t ed  by t h e  
spacec ra f t ,  is an amazing achievement o f  s c i ence  and technology. 
opened up by t h i s  f l i g h t  are very promising. 
courage of t h e  Soviet  cosmonauts and t h e  Ame-Acari a s t ronau t s ,  but from t h e  
p r a c t i c a l  point  of view we are more i n t e r e s t e d  i n  t h e  e f f i c i e n c y  o f  automatic 
s t a t i o n s  l i k e  t h e  "Luna-16". Their advantages are o'vious - they are cheaper 
and do not  r equ i r e  r i s k i n g  human beings.  
t o  us. But imagine f l i g h t s  t o  more d i s t a n t  p l ane t s .  
br ing back samples of rock from t h e r e  by using human hands, i t  might poss ib ly  
r equ i r e  t h e  expenditure o f  t h e  l i o n ' s  sha re  o f  a na t iona l  budget o f  some 
country. 
t o  science - c o n s i s t s  i n  automatic s t a t i o n s  con t ro l l ed  from Earth.  The first 
s t e p  which you have taken i s  an i n s p i r a t i o n ! .  . ." 

The Moon is  t h e  heavenly body c l o s e s t  
In o rde r  t o  be a b l e  t o  

The way ou t  of t h e  f inanc ia l  deadend -some deadends are no t  s t r ange  

What t h e  Lunar Rock Had t o  Say About I t s e l f  - /37 

After landing, t h e  r e tu rn ing  apparatus was subjected t o  a c a r e f u l  check a t  
t h e  landing s i te .  This examination revealed t h a t  t h e  apparatus had success fu l ly  
withstood t h e  f l i g h t  condi t ions.  
t o  send t h e  con ta ine r  with t h e  lunar  s o i l  t o  t h e  Academy of Sciences o f  t h e  USSR 
f o r  study. 

I t  w a s  decided t o  br ing i t  t o  Moscow and 

33 



After removing t h e  conta iner  of lunar  mater ia l  from t h e  apparatus ,  i t  was 
subjected t o  dosimetr ic  measurzments and c a r e f u l l y  s t e r i l i z e d .  
s t u d i e s  revealed,  t he re  was no s i g n i f i c a i t  increase  i n  t h e  i n t e n s i t y  of gamma 
rad ia t ion  from t h e  lunar  ma te r i a l  r e l a t i v e  t o  t h e  i n t e n s i t y  o f  gamma r a d i a t i o n  
from terrestrial rocks containing small amounts o f  n a t u r a l l y  r ad ioac t ive  
elements. 
was placed i n  a spec ia l  vacuum rece iv ing  chamber, made o f  s t a i n l e s s  steel .  
chamber was equipped w i t h  devices  and instruments t h a t  made it poss ib l e  t o  o?en 
t h e  conta iner  of lunar  material, subjec t  it t o  a pre l iminary  t e s t i n g  and repack 
it i n  spec ia l  hermet ica l ly  sea led  conta iners  f o r  subsequent d e t a i l e d  inves t iga t ion .  

As t h e  dos imet r ic  

This f a c i l i t a t e d  working with t h e  - lunar  material. Then t h e  con ta ine r  
This 

Externa l ly  t h e  chamber with i t s  por tholes  made o f  s a f e t y  g l a s s  were somewhat 
reminiscent o f  a device f o r  making deep d ives .  
hermetical ly  sea led  a i r l o c k ,  making it poss ib l e  t o  take out  conta iners  with 
samples of lunar  mater ia l  and t o  put i n  necessary instruments  and t o o l s .  

I t  was equipped with a spec ia l  

Beneath t h e  por tholes ,  i n  spec ia l  openings, rubber gloves had been 
fas tened  which made it poss ib l e  f o r  t h e  c p e r a t o r  t o  @pen t h e  conta iner ,  take 
out  t h e  d r i l l  with lunar  subrtance in s ide ,  unload t h e  lunar  mater ia l  i n t o  
conta iners ,  and t o  ca r ry  out  o t h e r  necessary opera t ions .  

After p lac ing  t h e  con ta ine r  i n  t h e  chamber and f a s t en ing  it  down, a high 
vacuum was produced by msms o f  pumps. This  was done so t h a t  t h e  p o s s i b i l i t y  
o f  an i n t e r a c t i o n  between luna r  material and a c t i v e  elements i n  substances 
i n  t h e  t e r r e s t r i a l  a taosphere such as  oxygen, water and t h e  products of 
s t e r i l i z a t i o n ,  which could e n t e r  i n t o  a chemical r eac t ion  with t h e  lunar  
substance and i r r e v e r s i b l y  change i t s  p r o p e r t i e s ,  was excluded. 

Then t h e  chamber was f i l l e d  t o  atmospheric pressure  with an i n e r t  gas 
(helium). 

With t h i s ,  t h e  prel iminary opera t ions  preceding t h e  opening a f  t h e  con- 
t a i n e r  and t h e  ex t r ac t ion  o f  t h e  luna r  s o i l  were complete. 

Using t h e  t o o l s  and devices  loca ted  i n  t h e  chamber, t h e  ope ra to r  opened 
t h e  conta iner  and took out  t h e  d r i l l  with the  lunar  substance ins ide .  The 
lunar  dust  was grey,  f i n e ,  but covered t h e  shiny su r face  o f  t h e  d r i l l  with a 
dense coat ing.  A grea t  dea l  o f  it had f a l l e n  o f f  t h e  su r face  o f  t h e  d r i l l  i n  
t h e  container ;  t h i s  dus t  was assigned a p a r t i c u l a r  p lace  i n  t h e  chamber. 

The major p a r t  o f  t h e  lunar  soi l  was taken out o f  t h e  d r i l l  and placed i n  an - /38 
examination trough so as t o  r e t a i n  t h e  d i s t r i b u t i o n  of t h e  lunar  substance as 
co l l ec t ed  a t  d i f f e r e n t  depths  by t h e  sampler. 

I 

So here was t h e  "earth" from t h e  Moon, co l l ec t ed  by t h e  "Luna-16" s t a t i o n  

When a ray  of l i g h t  struck i t ,  it 
from t h e  region of Mare Fecundi ta t i s .  
grained mineral p a r t i c l e s  of a grey co lor .  
suddenly changed co lor :  
and when t h e  l i g h t  s t ruck  it from another angle  greenish  f l a s h e s  appeared on i t .  

Most of i t s  mass was composed of  f i n e  

it changed from grey t o  brown, even s l i g h t l y  reddish,  
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T h a t  por t ion  of t h e  sample which was taken from a depth o f  350 mm e l ea r l ) ,  
showed c r y s t a l s  measuring severa l  mm, c l e a r l y  spark l ing  a t  t h e i r  edges. 

A l l  o f  t h e  opera t ions  involved i n  opening t h e  conta iner ,  taking out t h e  
d r i l l  and lunar  substance and t h e  lunar  substance i t s e l f  were repeatedly 
photographed. T h i s  f a c t  i s  not only of s c i e n t i f i c  importance but of considerable  

- h i s t o r i c a l  value as well. 

Thus, t h e  lunar  mater ia l  was prepared f o r  s t u d i e s  t o  be performed a t  t h e  
l abora to r i e s  and i n s t i t u t e s  o f  t h e  Academy of Science of t h e  USSR and t h e  
spec ia l ized  i n s t i t u t e s  of  o t h e r  m i n i s t r i e s  and departments. 

t he  s c i e n t i s t  s a i d ,  t h e  quarant ine i s  l i f t e d ;  it i s  a l l  r i g h t  t o  proceed with 
f u r t h e r  study of t h e  lunar  s o i l .  
of s c i e n t i f i c  s t u d i e s  of lunar  rock a t  a press  conference held on 28 October 
1970 a t  t h e  Moscow House of  S c i e n t i s t s ,  by Academican A.  P.  Vinogradov. 

The tox ico logica l  and b io log ica l  checks were over .  There is no danger, 

This  is what was s a i d  about t h e  f i r s t  r e s u l t s  

" ... A sample of lunar  s o i l  has been brought back t o  Earth from t h e  nor th-  
eas t e rn  p a r t  of Mare Fecundi ta t i s ,  located approximately 100 km west o f  t h e  
c r a t e r  Webb. 'I  

Mare Fecundi ta t i s  is  a p l a i n  with low walls of  folded type running across  
I t s  shores  do not have a round, mountainous rim. it. 

an a r e a  which is located approximately 900 km t o  t h e  e a s t  o f  t h e  landing s i t e  
of  t h e  "Apollo 11" and is chari-sterized as a new region of t h e  Mare sur face  of 
the  Moon. In c o l l e c t i n g  t h e  s o i l ,  t h e  d r i l l  r e l a t i v e l y  e a s i l y  penetrated t h e  
f r i a b l e  coverning o f  t h e  Moon - r e g o l i t h  - t o  a depth of 300 mm. The r ego l i th  
i s  any f r i a b l e  su r face  material of a p lane t  regar?:ess of  t h e  condi t ions of i t s  
format ion. 

There a r e  no large 
c r a t e r s  with systems of  rays  i n  t h i s  region.  The s o i l  sample was taken from - /39 

a 

hard rock o r  an individual  l a rge  fragment of a rock, and f u r t h e r  pene t ra t ion  
of t h e  d r i l l  d id  not exceed 50 nun. 
was 350 mm, as was planned f o r  t h e  experiment. 
back on Earth,  t h e  d r i l l  turned out t o  be completely f i l l e d  w i t h  granular  
lunar  s o i l  (rego:ithj .  

As t he  telemetric d a t a  showed, a t  a depth of 300 mm t h e  d r i l l  e i t h e r  s t ruck  

The t o t a l  depth of pene t ra t ion  of  t h e  d r i l l  
I 

When apened a t  t h e  labora tory  

The lunar  s o i l  t h a t  was t r ans fe r r ed  t o  t h e  rece iv ing  t r a y  had no v i s i b l e  
s t r a t i f i c a t i o n  and appeared t o  be uniform throughout. Only a small por t ion  of  
t h e  s o i l  a t  a depth of about 350 mm was made up of mater ia l  with l a rge r  grains.  
The t o t a l  mass of t h e  column of s o i l  re turned t o  Earth by t h e  "Luna-16" s t a t i o n ,  
amounted t o  a l i t t l e  more than 100 g.  

On t h e  whole, t h e  s o i l  cons i s t s  of dark grey (blackish)  powder with var ious  
s i z e s  of g ra ins ,  with predominance of f i n e  grained f r a c t i o n s  having an average 
gra in  s i z e  of about 0.08-0.1 mm, which could be shaped e a s i l y  and adhered i n  
individual  f r i a b l e  clumps. 
from t e r r e s t r i a l  uns tmctured  dus t .  In terms of  t h i s  c h a r a c t e r i s t i c  t h e  lunar  
s o i l  is  more reminiscent of wet sand o r  t h e  lump-like s t r u c t u r e  of our s o i l .  

This c h a r a c t e r i s t i c  d e f i n i t e l y  d i s t ingu i shes  it 
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This typical lunar melting can occur only during instantaneous heating of a 
particle that is cold all the way through. 
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In addition, glass of volcanic origin is found (volcanic ash) -these are 
brown, large-bubbled thoroughly molten grains with a characteristic conchoidal 
fracture, which could be formed during the crushing of comparatively large 
masses of molten rock. The total amount of glass of this kind is small. 

42.45 
7.24 

13.83 
16.49 
7,97 

11.96 
0.41 
0.13 

0.27, 
o,m 

Particles of metallic iron are rarely found both in the form of individual 

The govern the basic magnetic properties of 
lumps which are evidently remains of iron meteorites and in the form of small 
inclusions in breccia and clinker. 
the lunar regolith. 
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As a result of mechanical, electromagnetic and thermophysical studies of the 
lunar soil it was found for example that the specific thermal capacity of the 
soil is not a function of the density of the fill and generally corresponds to 
terrestrial rocks, but the thermal conductivity is characterized by extremely 
low values, much lower than the very best heat insulating materials on Earth. 
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0.1 

In terms of its chemical composition, the soil material is rock of the 
basalt type, in which approximately 70 cheaical elements have been found. 
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As far back as 1S66, on the basis of data that were obtained by the "Luna- 
-10" station it was determined that the surface rocks of the Voon were made of 
basalt . 
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Commas indicate debiraal points. 

In the table below, we have 
listed some data on the composition 
of the rocks that were returned to 
Earth by the "Luna-16" station, in 
comparison with data from samples that 
were collected by the "Apollo-11" and 
"Apo110-12" missions (weight per 
cent). 

It is clear from the table that 
there is a tendency to a decrease in 
the content of a number of elements in 
the fine fraction in comparison with 
the dense rock (Fd), TiOZ, etc.). 
Others show a significant increase in 
the fine fraction, especially Al2O3,  

ThU, etc. The content of Th and U is 
of the same order as in the "Apollo-11" 
and "Apollo-12" samples. Th is on the 
order of IO-" and U is on the order of 

the place where the "Luna-16" samples 
Rcgardless of the fact that 

Here collected is 300 km distance from the place where the "ApoIlo-11" samples 
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were found, i n  Mare T r a n q u i l l i t a t i s ,  they d i f f e r  markedly from t h e  l a t t e r  i n  
having a much lower content  o f  Ti02,  Zr02, r a r e  Earth elements and c e r t a i n  

o the r s  and i n  a h igher  content  of FeO. I t  is i n t e r e s t i n g  t h a t  t h e  "Luna-16" 
and "Apollo-ll l l  samples have t h e  same high content i n  t h e  f i n e  f r a c t i o n s  o f  t h e  
cosmogenic i n e r t  gases  He, Ne, A r ,  Xe, Kr, i n  con t r a s t  t o  t h e  "Apo110-12" 
samples. Ir, addi t ion ,  as we can see f r o m  t h e  t a b l e ,  i n  t h e i r  general  composi- 
t i o n  t h e  "Luna-16" samples a r e  similar t o  t h e  samples o f  rock c o l l e c t e d  by 
"Apollo-12" i n  Oceanus Procellarum about 2,500 krn d i s t ance  frsm t h e  landing 
s i t e  o f  t h e  "Luna-16". 
Vinogradov feels t h a t  t h e  c r y s t a l l i n e  rocks which make up t h e  su r face  o f  t h e  
luna r  Maria are of a s i n g l e  b a s a l t  type  but some d i f f e r  i n  t h e i r  conten ts  of 
d i f f e r e n t  chemical elements and t h e i r  composition approaches t h e  composition 
of  p r imi t ive  b a s a l t s  on Earth.  

In  analyzing t h e  r e s u l t s  t h a t  were obtained,  Academician 

Rocks of b a s a l t  type are formed from t h e  most r e a d i l y  molten p a r t s  during 
t h e  meit ing o f  t h e  inne r  substance o f  a p lane t  and i t s  e j e c t i o n  onto t h e  sur face .  
The luna r  Maria are planes which were flooded some time ago by volcanic  lava .  

In view o f  t h e  fact t h a t  t h e  b a s a l t  on t h e  Moon and Earth i s  very s i m i l a r  
i n  terms of i t s  chemical composition, we can assume t h a t  on t h e  Moon, on t h e  
Earth and probably on o t h e r  p l ane t s  as well which a r e  of  t h e  t e r r e s t r i a l  type 
t h e  formation of  rocks has  proceeded i n  an analogous fashion and t h e i r  des t ruc t ion  
is proceeding under t h e  inf luence  o f  var ious  f a c t o r s .  

Thus, t h e  substance o f  t h e  lava  Maria is  obviously sub jec t  t o  luna r  
crushing - "lunar erosion" under t h e  inf luence of t h e  s o l a r  wind, corpuscular  
cosmic r ad ia t ion ,  impacts of  meteorites, considerable  v a r i a t i o n s  i n  temperature 
a t  t h e  sur face ,  and t h e  vacuum o f  s-,zce. A t  t h e  same time a s  e ros ion ,  crushing 
of  rocks on Earth proceeds, as we know, under t h e  inf luence  mainly of carbon 
dioxide,  moisture,  temperature v a r i a t i o n s  and under t h e  inf luence  of l i v i n g  
organisms. 

/44 - 

In  o rde r  t o  understand t h e  processes  t h a t  t ake  p lace  on t h e  su r face ,  i t  i s  
necessary t o  determine what f a c t o r s  are t h e  most important with regard t o  t h e  
process of t h e  breakup of lunar rock. 

Impacts o f  meteorites and micrometeorites can breakup t h e  su r face  rocks 9f 
t h e  moon t o  a l a r g e  e x t e n t ,  mixing a l l  of t h e  f r i a b l e  material. But it is 
necessary t o  f ind  s u f f i c i e n t  s igns  of these  meteor i tes  i n  t h e  lunar  s o i l .  
Corpuscular r ad ia t ion  d e f i n i t e l y  affects t h e  luna r  rocks,  so t h a t  they e x h i b i t  
r a d i o a c t i v i t y ,  etc., but  it does no t  pene t r a t e  far i n t o  t h e  rock. Fina l ly ,  i t  
may be t h a t  volcanic  e rupt ions  on t h e  Moon, i n  t h e  vacuum of space,  produce 
crushing processes  and t h e  formation o f  a sh - l ike  substances.  But t h i s  i s  only 
an a swnp t ion ,  which r equ i r e s  proof .  

The study of lunar  rocks and processes  i n  which they p a r t i c i p a t e  makes it 
poss ib le  t o  approach an understanding of t h e  geological  phenomena which took 
p lace  on t h e  Earth during t h e  per iod of i ts  e a r l y  ex i s t ence ,  which may open up 
a new page i n  geology - t h e  search f o r  va luable  resources .  
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Direct study of the Moon has only begun; all of the work stili lies ahead 
Automatic geologists can help man to solve this and other problems. 

In the laboratories of the institutes, the study of the lunar material 
collected by the "Luna-16" station is going on still. 
station has been given an honored station in the "Space" Pavilion at the 
Exhibition of the Achievements of the National Economy of the USSR. The 
"IAuna-16" station belongs to history. Together with the station, on a special 
stand, visitors to the exhibition can now see lunar rocks which have become 
part of the Earth! The Central Committee of the Communist Party of the Soviet 
Union, the Presidium of the Supreme Soviet of the USSR and the Soviet of 
Ministers of the USSR in their statement to the scientists, designers, engineers, 
technicians, workers and all the collectives who took part in building the 
automatic "Luna-16" station and carried out the program of its flight, gave the 
following opinion of their work: -"Our land, Soviet science and technology, 
have achieved a new and outstanding success in research and conquest of outer 
space.. . 

A twin of the "Luna-16" 

"...For the first time in the history of the conquest of space, a theoreti- 
cally new problem has been solved, the flight of an automatic apparatss to 
another celestial body, collection of samples of its soil, and return of the 
latter to Earth ... 

"...The new achievements of Soviet science and technology in the construction 
of automatic space stations was made possible by the inspired labor u f  the 
working class, the Soviet scientific-technical intelligentsia. This victory is 

during the period of preparation for the 24th Congress of the Communist Party 
of the Soviet IJnion." 

a particularly joyous one because it took place in the Lenin Jubilee Year, - /45 

The party and the government gave a high rating to the labor of the builders 
of the rocket and space complex and the individual who made possible the flight 
of the "Luna-16" station and the recovery of the lunar soil with its return to 
Earth . 

The Presidium of the Supreme Soviet of the USSR awarded the title of 
Hero of Socialist Labor on the group of designers and workers and conferred 
orders and medals of the USSR on a great many workers who were most outstanding 
with respect to the construction and launching of the "Luna-16" automatic 
space st at ion. 

In accordance with the decree of the Central Committee of the Communist 
Party of the Soviet Union and the Soviet of Ministers of the USSR, the Lenin 
Prize and two state prizes of the USSR in the field of science and technology 
were awarded to the scientists, designers, engineers and workers for the 
construction of the rocket-space complex which made possible the flight of the 
automatic "Luna-16" station and the bringing back clf lunar soil to Earth. 
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Those who took p a r t  i n  t h e  cons t ruc t ion  o f  t h e  “Luna-16’’ s t a t i o n  and 
made i t s  f l i g h t  poss ib l e  were exhorted by t h e  Central  Committee of t h e  Communist 
Par ty  o f  t h e  Soviet  Union, t h e  Presidium of t h e  Supreme Soviet  of t h e  USSR, t h e  
Soviet  government and t h e  e n t i r e  Soviet  peaple  t o  mult iply t h e i r  e f f o r t s  i n  
ca r ry ing  o u t  new tasks f o r  t h e  f u r t h e r  conquest o f  space i n  t h e  name of ou r  
g r e a t  Motherland and i n  t h e  i n t e r e s t  of a l l  mankind! 
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ACROSS THE EXPANSES OF THE MOON 

The Moon Walker 

- /46 

Litt le more than a month had gone by after t h a t  famous day when a sample 
of  lunar  s o i l  co l l ec t ed  on t h e  Moon by an automatic space geologis t  had been 
brought back t o  Earth i n  a hermet ica l ly  sea l ed  conta iner  by t h e  recovery 
package of  t h e  "Luna-16" s t a t i o n .  

And again t h e  world was astounded and amazed by an outstandi, ig new 
achievement of  Soviet  cosmonautics! 

The Soviet  automatic space crxdler, "Lunokhod-l", brought t o  t h e  Moon by t h e  
 una-17" automatic s t a t i o n  on 17 November 1970 at  0928 Moscow time, set down i ts  
wheels for t h e  first time on t h e  lunar  su r face  i n  t h e  v i c i n i t y  o f  blare Imbrium! 
Soviet  sc ience  had received f r o m  t h e  engineers  and des igners ,  workers and 
c o n t r o l l e r s ,  t h e  b u i l d e r s  of t h e  "Luna-17" s t a t i o n ,  an e f f e c t i v e  new automatic 
device for s tudying t h e  Moon. 

The "Lunokhod" 

In September 1970, when t h e  "Luna-16" automatic s t a t i o n  had completed i t s  
h i s t o r i c  f l i g h t ,  t h e  engineers ,  des igners ,  and workers were c a r e f u l l y  preparing 
f o r  t h e  f l i g h t  o f  a new spacec ra f t  at t h e  launch s i te .  

I t  seemed as though t h i s  machine had r o l l e d  out  o f  t h e  pages of a sc ience  
f i c t i o n  novel i n to  t h e  shop of t h e  c o n t r o l - t e s t i n g  s t a t i o n .  Two eyes o f  
t e l e v i s i o n  lenses ,  mounted on t h e  f r o n t  of t h e  body, fou r  whip antennas poin t ing  
i n  a l l  d i r e c t i o n s ,  one conica l  and one narrow-beam antenna f o r  t h e  onboard r ad io  
equipment, t h e  spa rk l ing  l i d  of t h e  "Lunokhod", support ing t h e  s o l a r  b a t t e r y ,  
t i l t e d  backward - a l l  of t h e s e  gave t h i s  apparatus  an unusual appearance. 

To our terrestrial eyes,  t h i s  ap;>aratus dues not  correspond t o  e s t h e t i c  I 
concepts,  which w e  have developed under t h e  inf luence  of writers and artists 
who have portrayed f a n t a s t i c  scenes.  
p r i n c i p i e s ,  and t h e s e  p r i n c i p l e s  are d i f f e r e n t  on t h e  Earth and on t h e  Moon. 

But it was b u i l t  on a bas i s  of func t iona l  

- Indeed, who r e a l l y  knous whether a "Lunokhod" or  some o t h e r  spacecraf t  i s  
Even t h e  word "Lunokhod" i tself  i s  a newly coined word, and we a r e  "beautiful".  

t h e  witnesses  of t h e  b i r t h  not only of new space words used i n  t h e  profess ion  
.d but of cosmic e s t h e t i c s  as well. 

This apparatus  was intended f o r  working under lunar  condi t ions ,  not  under 
terrestrial ones,  so t h a t  i t s  appearance is  unusual and it has an unusual 
name - "Lunokhod- 1". 

A shor t  time w i l l  pass  and t h i s  word w i l l  be known a l l  over  t h e  world, i n  
a l l  languages and d i a l e c t s ,  i n  t h e  same way t h a t  t h e  Russian word "Sputnik" 
was c rea t ed  and remains forever .  
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Now, tangled i n  a s p i d e r ' s  web o f  wires and cables ,  connecting it t o  t h e  
test panels  and spans, it is  i n  t h e  hands o f  i t s  testers, who w i l l  check t h e  
same u n i t  t e n  times over  with extreme care, "replaying" every opera t ion  u n t i l  
exact correspondence of  t h e  parameters recorded i n  t h e  f l i g h t  program with t h e  
d a t a  obtained during t h e  test is achieved. 

About two months s t i l l  fiemain u n t i l  t h e  "Lunokhod" is  scheduled t o  t a k e  o f f ;  
l e t  us  follow t h e  road which t h i s  mobile apparatus  took from t h e  drawing board 
t o  t h e  day o f  i t s  b i r t h .  
intended. 

Let us see how it vas designed and f o r  what it is 

Bir th  o f  t h e  "Lunokhod" 

Ten years  ago, corresponding member of  t h e  Academy of  Sc ie rces  of t h e  USSR 
V .  Zvonkov, i n  a t a l k  with j o u r n a l i s t s  s a id :  " I t  i s  time t o  begin th inking  
about t h e  types of roads we can t a k e  t o  t h e  Moon - i n  a l i t t l e  while,  
terrestrial  means of t r anspor t  w i l l  have t o  be pressed i n t o  t h i s  task ."  

A c l e v e r  and dar ing  idea ,  but  by no means f a n t a s t i c  i n  our  time. 

However, no one had ye t  l a i d  out  a road on t h e  bloon. 

The engineers and designers  who b u i l t  t h e  "Lunokhod" had t o  so lve  a problem 
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with many unknowns. 

What should t h e  se l f -p rope l l ed  automatic device be l i ke?  How t o  teach it 
t o  move around on t h e  Moon i n  t h e  required d i r e c t i o n s  on command from Earth 
and how t o  ca r ry  out  t h e  program o f  s c i e n t i f i c  research? 
designers  had t o  decide what t h e  chass i s  would be l i k e ?  

First of  a l l  t h e  

On t h e  Earth,  we are accustomed t o  t h e  f a c t  t ha t  machines t h a t  have t h e  
g r e a t e s t  t r t i c t ion  are those  equipped with tracks. 

p a r t i c u l a r ,  it r equ i r e s  a g rea t  dea l  of energy t o  move t r acks ;  they  a r e  heavy 
i f  they are s t rong  and they are not s t rong  i f  they  are l i g h t .  A l l  t h a t  i s  
necessary is  t o  break one l i n k  i n  t h e  track and t h e  veh ic l e  w i l l  b e  brought t o  
a h a l t .  This  may be easy t o  f i x  on Earth,  but  what about on t h e  Moon? In 
addi t ion ,  during t h e  road tests a l i g h t  t r a c k  would s l i d e  when it encountered 
a foreign ob jec t ,  such as 6 rock, and t h e  apparatus  l o s t  i t s  mobi l i ty .  But 
t h i s  is  by no means a l l .  A t r e a d  system has a g rea t  many " f r i c t i o n  pa i r>"  
which are not  pro tec ted  aga ins t  t h e  effects o f  t h e  vacuum of  space and lunar  
s o i l  pene t ra tes  them, so t h a t  even i f  spec ia l  materials have been chosen t h e r e  
is a marked increase  i n  f r i c t i o n  and cansequently t h e  requi red  power. I f  we 
t ake  i n t o  account t h e  fact t h a t  i n  t h i s  type of d r i v e  t h e r e  w i l l  be a cons tan t  
exposure t o  t h e  ac t ion  of  considerable  stresses of  a l t e r n a t i n g  s ign  on t h e  
housing o f  t h e  instrument conta iner  with t h i s  type of  t r anspor t ,  it beccmes 
c l e a r  why t h e  t racked vers ions  were discarded.  

Calcu la t ions  and experiments 
under lunar  condi t ions  revealed t h e  u n d e s i r a b i l i t y  of such an approach. In I 

The designers  had t o  go back t o  t h e  wheel which has been known t o  man as 
a t r anspor t a t ion  device s ince  t h e  4 th  millenium B.C.  But what should i t  be 
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l i k e ?  
roads,  arabas and two-wheeled carts with enormous wheels two o r  more meters i n  
diameter  a r e  used which provide completely s a t i s f a c t o r y  motion. 
wheels be used on t h e  "Lunokhod"? Thei r  l a r g e  size would make them cumbersome 
and heavy and weight is one o f  t h e  most important parameters a s  fa r  a s  a 
spacecraf t  is concerned. 
wheels i n  motion would be g r e a t .  

In days gone by, i n  poorly developed count r ies  where t h e r e  are no good 

But could such 

Indeed, t h e  force t h a t  would be necessary t o  set such 

So, could t h e  wheels be made smaller?  Four were t r i e d  and it immediately 
became clear t h a t  if one of  t h e  wheels f a i l e d  t h e  "Lunokhod" would l o s e  i t s  
a b i l i t y  t o  move. 

What t o  do? 

I f  t h e  wheels were made smaller, and t h e r e  were not fou r  but  e i g h t  of  them, 

The  eight-wheeled 
and each had independent suspension ... 
model was b u i l t  and subjec ted  t o  a wide ;ange of  tes ts .  
c h a s s i s  proved i ts  merit! 

Calcu la t ions  were made, an experimental 

But what should t h e  wheels themselves be l i k e ?  

Their  designers  r eca l l ed  a l i g h t  b i cyc le  wheel without tires. On one hub 
they mounted two rims with spokes and s t r e t ched  a metal screen  between them. 
The r e s u l t  was a l i g h t  and s t rong  wheel. 
s i x  times less than t h a t  on Earth,  so t h a t  t h e  adhesion of  t h e  wheel t o  t h e  
ground is  less. 
condi t ions  s imula t ing  lunar  weight. They s l ipped .  Special  sp ikes ,  ground 
g r ippe r s ,  were mounted on t h e  wheels. 
we see on t h e  "Lunokhod-I". 

But t h e  fo rce  o f  g rav i ty  on t h e  Moon i s  - /SO 

Would not  such a wheel sp in?  Tes ts  were conducted under 

The wheels became s i m i l a r  t o  those t h a t  

Now t h e  quest ion arose o f  what t h e  motor should be l i k e .  There was not  
much d i spu te  about t h e  fact t h a t  it must be electrical .  During t h e  lunar  day, 
which lasts 14 of  our  days, t h e  l i g h t  energy from t h e  Sun, converted by s o l a r  
b a t t e r i e s  i n t o  e l e c t r i c a l  energy, enables  t h e  "Lunokhod" t o  move about and 
permits a l l  of i t s  systems t o  opera te .  The choice of  an electr ic  motor w a s  
no s u r p r i s e  because t h e r e  is no atmosphere o r  moisture  on t h e  Moon and t h i s  
means t h a t  t h e r e  are n e i t h e r  c louds nor  fogs which would h ide  t h e  Sun from us  
on Earth f o r  long per iods  o f  time. 

But how many motors should t h e r c  be? 

I f  one motor were used, it would be necessary t o  have a very complex and 
heavy d i s t r i b u t i n g  device f o r  d r iv ing  a l l  e igh t  wheels. Then t h e  idea  was con- 
ceived of mounting a small motor i n s i d e  t h e  hub of  each wheel and equipping 
each motor with its own gears  which would t ransmi t  t h e  movement from t h e  
wheel motor. Thus a simple wheel became a motor wheel. 

4s t h e  experiments showed, t h i s  design was completely r e l i a b l e .  Even when 
fou r  motors were ou t  o f  commission (two on one s i d e  and two on t h e  o t h e r ,  o r  
t h r e e  on lone s i d e  and one on t h e  o t h e r ) ,  t h e  "Lunokhod" d i d  not  l o s e  i ts  
a b i l i t y  t o  move about. 
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In order  t o  develop improved shock absorbing q u a l i t i e s ,  smoothness of 
movement of t h e  "Lunokhod", and t o  ensure an easier task of  overcoming small 
obs tac les  (rocks and c r a t e r l e t s ) ,  t h e  wheels were joined i n  p a i r s  on each s i d e  
by a spec ia l  independent t o r s ion  suspension. In  t h i s  way, fou r  tandem p a i r s  
were created.  

Cne r e a l l y  n c  t o  see  how e a s i l y  and smoothly t h e  "Lunokhod" overcomes 
obs tac les ,  r o l l i n g  easily cver  them. But how much work went i n t o  making t h i s  
t ask  so easy...  

Many d i spu te s  and d i f f i c u l t i e s  a rose  during t h e  process of s e l e c t i n g  the  
type of s o i l  on which t h e  "Lunokhod" tests should be held.  

Should it be sand, o r  d u s t - l i k e  material, o r  s i n t e r e d  volcanic  tusa?  How 
many s tones  and o t h e r  inc lus ions  should thers be i n  i t? 

Studies  t h a t  were performed on t h e  Moon by t h e  Soviet  "Luna-9" and "Luna- 
13" s t a t i o n s  and t h e  American vfSurveyor" apparatus  enabled t h e  des igners  t o  
choose terrestrial  analogs of t h e  lunar  s o i l .  However, t h e  lunar  s o i l  which 
was brought back t o  Earth by t h e  American as t ronauts  on t h e  f l i g h t s  of t h e  
Apollo manned spacec ra f t s  and by t h e  "Luna-16" automatic s t a t i o n  of  t h e  Soviet  
Union confirmed t h e  cor rec tness  of  t h e  so lu t ions  adopted i n  s e l e c t i n g  the  s o i l  
f o r  t h e  lunodrome. 

Expeditions t o  t h e  Caucasus, t o  a region t h a t  had long been dead, and t o  
Kamchatka, i n  an area where a c t i v e  volcanoes can be found, made it poss ib le  
t o  create a lunodrome with t h e  necessary covering which contained a l l  of  t h e  
following: c r a t e r s  and s tones  resembling those  on t h e  Moon, ind iv idua l  and 
sca t t e red  groups of e l eva t ions ,  domes, scarps  and cont rascarps ,  and of course 
f i s s u r e s .  Thus, t h e  chass i s  and t h e  lunodrome were ready. But d id  t h e  chass i s  
have t o  be checked ou t ,  and how? 
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The word "check out" as appl ied t o  a se l f -propel led  device is a very 
broad expression; it implies  movement i n  the  necessary d i r e c t i o n ,  at a given 
speed and with t h e  a b i l i t y  t o  change both d i r e c t i o n  and speed a t  t h e  wi l l  of 
t h e  con t ro l l e r .  

Modern automobiles are equipped with a s t e e r i n g  wheel, gear  box and a 
complex system f o r  supplying t h e  f u e l  mixture t o  t h e  engine f o r  these  purposes.  
By means of t h e  l a t te r ,  t h e  number of  revolu t ions  f o r  t h e  engine is regulated 
and a t  t h e  same time t h e  speed o f  t h e  automobile is  con t ro l l ed  by t h e  gear  
box. 

I t  is  easy t o  see  t h a t  t h i s  system of  cont ro l  is  q u i t e  complex, cumbersome, 
heavy and could not be used f o r  our  purposes. 

The so lu t ion  t o  t h i s  complex problem was found gradual ly  by t h e  des igners .  
Here they remembered one of  t h e  What should t h e  s t e e r i n g  wheel be replaced by? 

p rope r t i e s  of t h e  t r ack  vers ion t h a t  had been discarded.  
executed by d r iv ing  t h e  wheels at  d i f f e r e n t  speeds on t h e  r i g h t  and lef t  s ides  

Should t h e  tu rns  be 
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of the "Lunokhod" (as on a track vehicle), or should the wheels be driven in 
opposite directions? 
this would make it possible to turn on a dime! 
and the desirability of this solution was demonstrated. 
this solution to the problem, the need for a steering system of a complex nature 
disappeared and its function was taken over by the electronic automatic chassis 
block (ACB). 

Electric motors make it possible to do this easily, and 

With the adoption of 
Tests were made, many of them. 

This mechanism took over the second responsibility - the regulation of the 
In fact, to regulate the number of speed of the self-propelled chassis. 

revolutions of the electric motor and consequently the speed of the vehicle, 
there is no need for either a gear box or a fuel supply system. If we take into 
account the fact that in rectilinear motion it is necessary to ensure that all 
eight wheels turn at the same speed (since each wheel on the "Lunokhod" is 
a motor wheel), it becomes clear that without an electronic device there can be 
no such thing as an automatic chassis. 
out the type of control system that was ultimately chosen, consideration was 
given to the fact that the chassis will be a long way away from the controller 
(approximately 400,000 km), and it will be necessary to provide the following: 

In addition, in the course of working 

- carefully measured turns and movements of the chassis, i.e., turns 
through 3 given angle or movement at a given distance; 

- immediate halting of the chascis without command from Earth in the event 
that conditions arise which threaten the safety of the chassis (impossibly 
steep slopes and differences in height, obstacles that cannot be overcome, 
inadmissible values for the moments on the wheels); 

- the possibility of disconnecting any wheel from its drive in the event 
that the latter becomes stuck ( t h x  making it possible to retain mobility and 
maneverability of the chassis). 

I 
/ 53 This and a number of other operations were solved successfully by the - 

automatic chassis L lock with the participation of special sensor apparatus and 
the onboard radio system. 

In any case, however, how would this machine (the "Lunokhod") be controlled 
over hundreds of thousands of kilometers? What would be needed for this? How 
fast could the "Lunokhod" move about on the Moon? What conditions would 
lunar gravitation impose on movement since it is six times less than that on 
Earth? 

This is by no means a complete list of the questions which had to be 
solved from scratch by the designers of the "Lunokhod". 

Everybody knows that in order for an automobile to start to move it is 
necessary fixt of all to see where one is going, then to set the automobile in 
motion by using the controls. 

But how can one drive the "Lunokhod" 400,000 km from Earth? 
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in  t h e  language o f  t h e  automobile d r i v e r  t h i s  means: "Is there gas? O i l ?  I s  
t h e  r a d i a t o r  f u l l  of water? I s  t h e  b a t t e r y  charged? Are t h e  t i r e s  i n f l a t e d ?  
I s  t h e  s t e e r i n g  gear and brake system i n  order?  Are the  head l igh t s ,  parking 
l i g h t s  and t u r n  s i g n a l s  working? 
he lp  i n  checking out  t h e  condi t ions of the  "Lunokhod". 

I s  t h e  c a r  clean? Radio communications 

The r ad iu  commands, t ransmit ted from Earth by powerfui antennas a t  t h e  
ground control-measurement complex, w i l l  be picked up by t h e  onboard r ad io  
system o f  t h e  "Lunokhod", converted i n  t h e  l o g i c  u n i t ,  and t r ansmi t t ed  t o  a 
group of telemetric sensors  which w i l l  g ive a r ad io  response t o  r ad io  i n t e r r o -  
gat ion - " t h e  current  i n  the s o l a r  b a t t e r i e s  and s to rage  ba t te r ies  is normal; 
t h e  temperature i n  the instrument compartment is  + 1 8 O C ,  t h e  pressure i s  755 mm 
mercury, the i n c l i n a t i o n  t o  t h e  r i g h t  i s  + 2 O ,  t h e  trim i s  lo, a l l  of t h e  wheels 
are i n t a c t ,  t h e  motors are i n  good condi t ion,  t h e  narrow beam antenna is  aimed 
at  t h e  Earth,  a l l  of t h e  systems o f  t h e  "Lunokhod" a r e  operat ing normally." 

Let us t r y  t o  estimate how much time it  '.ook t o  ob ta in  t h i s  information. 

The ope ra t ive  con t ro l  group gave t h e  command "zero", t h e  ope ra to r  c a r r i e d  
it out (by s e l e c t i n g  t h e  proper code) i n  0.5 second, t h e  r ad io  command passed 
from t h e  channel through t h e  ground converters  and ampl i f i e r s  along wave guides 
t o  t h e  t r ansmi t t i ng  antenna i n  0.1 second, and it took 1 . 3  seconds t o  t r a v e l  
from t h e  Earth t o  t h e  Moon; t h e  onboard r ad io  system picked up t h e  command, 
deciphered i t  and t r ansmi t t ed  it t o  t h e  con t ro l  system which c a r r i e d  out an 
in t e r roga t ion  o f  t h e  sensors .  
t ransmit ted i n t o  t h e  e t h e r  i n  0 .2  second, t h e  information made t h e  r e t u r n  
t r i p  t o  Earth i n  1.3 seconds. 
Evaluation of t h e  information obtained required 1 t o  2 seconds. 
with t h e  minimum est imate ,  4 . 5  t o  5 . 5  seconds were required.  

Information which was obtained was encoded and 

I t  was picked up and decoded i n  0 .1  second. 
In accordance 

Now t h a t  we know t l  : t h e  "Lunokhod" i s  ready, we must be a b l e  t o  see t h e  /54 - 
way ahead and determine the d i r e c t i o n s  o f  movement. 

The t e l e v i s i o n  cameras mounted on t h e  "Lunokhod" w i l l  enable us t o  see 
t h e  lunar  su r face  aheS5 of t h e  "Lunokhod", but we must remember t h a t  t h e  image 
which we see at  a given moment i n  time i s  already 2 t o  2 and 1/2 seconds o ld .  
J u s t  t r y  t o  walk down a familiar street ,  c losing your eyes r e g u l a r l y  f o r  4 t o  5 
seconds, and you w i l l  see what a d i f f i c u l t  task t h i s  i s .  But t h e s e  a r e  t h e  
conditions under which we must control  t h e  "Lunokhod." 

In add i t ion ,  it i s  very d i f f i c u l t  t o  estimate t h e  s ize  of o b s t a c l e s  and 
d i s t ances  on the  Moon. In f a c t ,  on Earth we automatical ly  measure t h e  d i s t ance  
and s i z e  o f  ob jec t s  t h a t  we see by comparing them with o b j e c t s  which we know. 
But s ince  t h i s  methcd i s  not p e r f e c t ,  it is  easy t o  convince one's s e l f  of 
anything. In t h e  movies you very o f t e n  do not s ee  and do not perceive t h e  
t r i c k  photography which is used when waves l a sh  a sh ip  i n  a movie and a whirlpool 
swallows i t ,  or when a r a i l r o a d  t r a i n  overturns  o r  when an a i r p l a n e  explodes i n  
t h e  a i r .  In r e a l i t y ,  it is  small s c a l e  models t ha t  sink, t u r n  over and explode, 
but s ince  t h e r e  i a  nothing with which we can compare them, t h e r e  are no f a m i l i a r  
ob jec t s  f o r  orienti.tion on t h e  real s c a l e ,  we do not n o t i c e  i t .  
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The crew of t h e  "Lunokhod" f i n d s  i t s e l f  under t h e  same condi t ions,  watching 
the  luna r  siirface on t h e  screen of t h e  con t ro l  panel.  
i n  t h i s  connection t h a t  t h e  image on t h e  screen i s  f l a t ,  and not three-dimensional; 
consequently, it i s  very d i f f i c u l t  t o  determine how big the roch i s  which i s  
lying on t h e  pa th ,  how b ig  t h e  c r a t e r s  o r  cracks are, and how f a r  away t h e  wall  
o f  t h e  c r a t e r  i s  located.  
a considerable  stress not only on t h e  d r i v e r  but \ m  t h e  e n t i r e  crew. 
sensors  which measure t h e  pulse ,  r e s p i r a t i o n ,  tem*>erature, blood p res su re  and 
nervous a c t i v i t y  of t h e  "terrestrial cosmonauts" ( t h i s  i s  what t h e  f i r s t  cos- 
monaut, Yu. A. Gagarin c a l l e d  t h e  s p e c i a l i s t s  on t h e  ground who con t ro l l ed  the  
f l i g h t s  o f  spacecraf t  and devices,  and we can include among t h i s  honored group 
t h e  ind iv idua l s  working i n  t h i s  new s p e c i a l t y ,  created by t h e  age of cos"'o- 
nau t i c s  - t h e  d r i v e r s  of t h e  "Lunokhod") c l e a r l y  show what a d i f f i c u l t  task it 
i s  t o  d r i v e  t h e  "Lunokhod" . 

I t  should a l s o  be mentioned 

These and many o t h e r  problems a r e  constant ly  imposing 
De l i ca t e  

I 

The pulse and r e s p i r a t i o n  speed dp, t h e  pressure r i s e s ,  t h e  output o f  

Af t e r  20 t o  30 minutes of  d r iv ing ,  
p recg i r a t ion  grows s t r o n g e r  a s  i f  t h e  ind iv idua l  were carrying a heavy load, 
and t h e  nerve stress sharply inc reases .  
during which t h e  ope ra to r  makes s l i g h t  movements with a small l eve r ,  he feels 
f a t i g u e  equivalent t o  t h a t  which would r e s u l t  from d r iv ing  an automobile f o r  
6 t o  7 hours. 

I t  is by no means an easy task t o  select persons who are capable of mastering 
t h e  profession o f  d r i v e r ,  navigator ,  ope ra to r ,  and engineer.  
with t e s t  p i l o t s ,  chauffeurs with considerable  experience,  e t c . ,  and it was 
found t h a t  they could not handle t h i s  work. Their  professions had already 
caused them t o  develop t h e i r  own f i rmly e s t ab l i shed  reflexes which were not 
s u i t a b l e  f o r  operat ing t h e  "Lunokhod". On t h e  b a s i s  o f  newly developed tes t s ,  
t h e  doctors  s e l e c t e d  a group of ind iv idua l s  and worksd toge the r  h t h  t h e  
engineers t o  teach them t h e  new profession o f  "Lunokhod" d r i v e r ,  which was not 
known previously on Ear th .  The painstaking i n s t r u c t i o n  and t r a i n i n g  f o r  t h e  
t a sk  o f  d r iv ing  t h e  veh ic l e  were i n i t i a l l y  c a r r i e d  out  on a t r a i n e r  and then 
with a "Lunokhod" h t  t h e  lunadrome. The crews were t r a i n e d  t o  d r i v e  t h e  
"Lunokhod" f o r  many days. 
s k i l l s  acquired disappeared i n  a sho r t  t ine  i f  t r a i n i n g  was not continued. 

Tests were made 

- / 55  

I t  should be pointed out  i n  t h i s  connection t h a t  t h e  

"Lunokhod" and man can do a g rea t  dea l .  The "Lunokhod", sub jec t  t o  t h e  
w i l l  o f  man, can move about i n  any d i r e c t i o n  we d e s i r e  and it sees the road 
ahead. And what of the  man? Li t t le  by l i t t l e ,  w i t h  g r e a t  d i f f i c u l t y ,  h e  
becomes accustomed t o  t h e  lunar  dimensions, t o  t h e  nearby lunar  horizon, t o  t h e  
black sky, t o  t h e  sharp c o n t r a s t  i n  i l l umina t ion ,  t h e  bl inding sun and t o  
d r iv ing  under these  unusual condi t ions.  But, having begun t o  move, we always 
have t h e  goal of reaching a c e r t a i n  spot o r  a populated area. 
and s igns  se rve  t h i s  purpose; but up t h e r e ,  where t h e r e  a r e  none, we need a 
compass, speedometer and map. 

On Earth,  roads 

Unfortunately,  thus  f a r  t h e r e  are no l a rge  s c a l e  maps o f  t h e  Moon and 
a t e r res t r ia l  compass could not work on t h e  Moon, s i n c e  as we know i t  has no 
magnetic f i e l d .  
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But t h e r e  is  a sza r ry  sky ( t r u e ,  it loqks d i f f e r e n t  than from Ear th ) ,  which 
we can use t o  o r i e n t  ourselves .  
poss ib l e  t o  determine t h e  d i r e c t i o n  of movement (course) by means of a s p e c i a l  
speedometer we can measure t h e  d i s t ance  t r ave led ,  and a very simple s p i r i t  
level enables us t o  determine t h e  l i s t  and trim o f  t h e  "Lunokhod." I f  a l l  o f  
these d a t a  are t ransmit ted t o  Earth,  t h e  d r i v e r  can c a l c u l a t e  t h e  d i s t ance  
covered and determine t h e  d i r e c t i o n  of  t r a v e l .  

One can use a gyroscopic device which makes it 

Thus t h e  navigation systein aboard t h e  "Lunokhod" was as follows: onboard 
telephotometers,  which could t ransmi-  images of t h e  Sun and Earth.  

The r ad io  system t r ansmi t s  t h e  information t o  t h e  con t ro l  cen te r .  Computers 
analyze t h e  p i c t u r e s ,  determine t h e  angle o f  t h e  observat ion point and t h e  
azimuth of these  luminaries and knowing t h e  angle ca lc i l la te  t h e  selenographic 
coordinates of the "Lunokhod.fl Gyroscopic devices make it poss ib l e  t o  
determine t h e  s i z e  of t h e  angles  o f  r o t a t i o n  o f  t h e  "Lunokhod" t o  t h e  l e f t  o r  
r i g h t  of t h e  course and maintain the  d i r e c t i o n  o f  movement. An inclinometer- 
s p i r i t  l eve l  (it  also measures t h e  trim) - t he  po r t ion  of t h e  s p e c i f i c  su r face  
with t h e  annular grade g r i d  superimposed on i t .  The r o l e  o f  t h e  a i r  bubble i n  
inclinometer is taken here  by a metal sphere.  The convex po r t ion  of t h e  sphere 
i s  d i r ec t ed  downward and t h e  sphere,  p ivo t ing  on t h i s  po in t ,  assumes t h e  p o s i t i o n  
of minimum energy l eve l ,  i . e . ,  it alkays shows t h e  pos i t i on  of t h e  v e r t i c a l  
ax i s  of t h e  "Lunokhod" r e l a t i v e  t o  t h e  l o c a l  lunar v e r t i c a l .  J t  is a simple 
device,  i s n ' t  i t ,  but how necessary it is .  
wheel of t h e  "Lunokhod", mounted on a para1;elogran. The parallelogram has a 
mechanical d r i v e  so  t h a t  t h e  n i n t h  wheel c,m be r a i s e d  o r  lowered i n  x c o r d a n c e  
with t h e  d r i v e r s  wishes. The wheel has a counter t o  measure i t s  revolut icns ,  
so t h a t  i f  we know t h e  number of r evo lu t ions  and t h e  diameter of t h e  wheel we 
can e a s i l y  deterniine t h e  d i s t a n c e  t r ave led .  Well suppose t h e  speedometer wheel 
breaks down, what then? The designers  provided f o r  t h i s  p o s s i b i l i t y  too .  Each 
of t h e  e igh t  wheels o f  t h e  "Lunokhod" has i t s  own revo lu t i r  7 cowiter ,  and they 
can a l s o  be used t o  determine t h e  d i s t ance  t r ave led .  I t  i s  t r u e  t h a t  t he  
accuracy w i l l  b e  less because t h e  f r o n t  wheels may s k i d  ana t u r n  i n  differenL 
d i r e c t i o n s  during a maneuver such as a t u r n .  

The speedcaeter i s  t h e  n in th  pas s ive  

/56 

The question of how f a s t  t h e  "Lunokhod" can move i s  c e r t a i n l y  a p e r t i n e n t  
one. 

Imagine t h a t  a device has  been b u i l t  capable of moving a t  t h e  rate o f  
3 km an hour over t h e  su r face  of t h e  Moon. This means t h a t  i t  w i l l  cover almost 

11 c a second. Remember t h a t  betweer. the time t h e  
p i c t u r e  was taken tha t  can be seen on t h e  con t ro l  panel of  t h e  "Lunokhod" and 
t h e  time t h a t  t h e  command is c a r r i e d  ou t  t h e r e  i s  an elapsed time o f  2 t o  2 - 1 / 2  
seconds, so t h a t  t h e  p i c t u r e  is  2 t o  2-1/2 seconds old; corlsequently, t h e  path 
t r ave led  by t h e  "Lunokhod" i n  4 t o  5 seconds without being sub jec t  t o  control  
i s  68 t o  85 m. 
condi t ions even on a f l a t  highway f o r  4 t o  5 seconds? Clear ly  t h i s  i s  impossible! 

Imagine what w i l l  happen. 

Would you t r y  t o  d r i v e  an automobile at  such a speed under such 

Since t h e  f o r c e  cf g r a v i t y  on t h e  Moon i s  6 times l e s s  than on Earth,  t h e  
"Lunokhod" weighs 6 times less t h e r e .  
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And what abcut t h e  force  of adhesion and i t s  s t a b i l i t y ?  Of course these 
pa rase t e r s  ar; d i r e c t l y  proport ional  t o  t'le weight. 
t h e  g r e a t e r  t h e  adhesion and s t a b i l i t y  (with a l l  o the r  condi t ions  being equa l ) .  
An< what about t h e  per turba t ion ,  t h e  upse t t i ng  noment? 

The g r e a t e r  t h e  weight,  

The il,namic s t a b i l i t y  of t n e  "Lunakhod" has become mrtny times wrse merely 
because i t  has been i p r r i e d  t o  tlie MOOQ. 

Kow t h e r e  is me more i n t e r e s t i n g  monent vhich must be kept i n  mind. 
Imagine chat you have become an automobile t o u r i s t  and t h a t  unknown and estremely 
i n t e r e s t b i g  p laces  are ur,folding before  you. 
at  grea t  speed. in  fac t ,  i n  thc most i n t e r e s t i n g  p laces  you w i l l  s t o p  t o  look 
sroucd and t a k e  cictures. 

kou uould hardly con t in i e  d r iv ing  

The saae t h h g  harpens with t h e  "Luiiokhod". But t h i s  does not mean t h a t  
our  aachine cannot cover g r e a t  d i s t ances .  
weight of t h e  "Lur:.rkhod" was adjus ted  t o  lunar  condi t ions ,  t h e  ee l f -propel led  
device t r s v e l e d  over "lunar" roads f o r  s eve ra l  hundred ki lometers .  

IF. enc!ur;tnce tests on Ear th ,  when t h e  

6ut t he  "Lufiokhod" was nor s e n t  t o  t h e  Moon simply t o  d r i v e  around (although 
of course t h i s  i s  very i n t e r e s t i n g  in i t s e l f  and has  g rea t  s c i e n t i f i c  a i d  
eeg ineer ing s igi,i f i cante  . ) 

There weze more important t a sks  t o  do i n  conjunction w i t h  s tudying t h e  
Mcon. 
of lunar sur face  as possiule i n  d i f f e r e n t  regions.  
lunar  relief woulr! enable  s c i e n t i s t s  and s e l e n o l o g i s t s  t o  understand t h e  processes  
tak ing  p lace  on t h e  Moon many a i l l i o n s  of  yea r s  ago and poss ib ly  iou ld  enable  
us t o  i lnderstmd b e t t e r  how t h e  Earth and s o l a r  system as a whole came t o  be. 
How can t h i s  problem of viewing t h e  Moon be solved aboard t h e  "Lunokhod"? A t  
t h e  present  t h e ,  cosnovision has  become a new branch of instrumentat ion.  

One cf t hese  was t a  examine i n  t h e  immediate k i c i n i t y  as many fragments 
Then t h e  images of t h e  

- /57 

Lct us remember t h e  t e l e v i s i o n  p i c t u r e s  of t h e  Moan: e spec ia l ly  those  
of  t h e  side t h a t  is not  v i s i b l e  from Ear th ,  which were first t ransmi t ted  t o  
Earth by t h e  "Luw-3" w.d "Zoad-3" s t a t i o n s ,  o r  t h e  t e l e v i s i o n  p i c t u r e s  sen t  
by the American "Mariner-4" s t a t i o n  t h a t  managed t o  gct a glimpsc of t h e  su r face  
of Mars frcm c l o s e  up. 

Televis ion from space has made it poss ib l e  for man to  have a look a t  t h e  
lunar  landscape and a t  indiiridtla: d e t a i l s  of t h e  lunar  relief f roa  an arm's 
length d is tance .  Studying tke panoramas, x i e n t i s t s  h w e  obtained t h e  f irst  
d a t a  concerning t h e  microstructure  of t h e  luf iar .surface,  i t s  c h a r a c t e r i s t i c s ,  
etc. ,  and have obtslined a general  i dea  of t h e  na ture  of t h e  l c n a r  re l ie f .  Cosmo- 
v i s ion  has confirmed t h e  considerable  s c i e n t i f i c  value of  t h e  method of 
prmama p i c t u r e s  using t e l e v i s i o n  cameras. 

The t e l e v i s i o n  faci l i t ies  of t h e  "Luna-13" s t a t i o n  followed t h e  func t ion  of 
t h e  densitometer mounted on t h e  extended rod of t h e  s t a t i o n ,  and c a r r i e d  out 
observat ions of t h e  Sun, t h e  p r inc ipc l  naviga t iona l  1andma;k on t h e  Moon. 
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As we know, the panoramic television cameras of the "Luna-9" and "Luna-13" 
stations made it possible to obtain high quality transmissions with 3 low 
mass (1.3 kg) and low eiectrical energy consumption ( 2 . 5  watts), which is 
tlpical of the most refined types of space instrumentation. 

These xelevision devices operated reliably under considerable stress (during 
liftoff w:i %hen laniing) in the vacuum of space and over a wide range of 
re;nperztuies. 
nost valuable fsature of these devices is their accuracy and stability of 
operat ion. 

in addition to the low mass and small energy consumption, the 

The optical-mechanical system of these stations makes it possible to trans- 
illit 5OG elemen'ss of 6,000 lines each. 
measuiatle properties. This means that the panoramas can be used with a high 
degree of accuracy to determine the size of individual details, their brightness 
characteristics, and to draw up a chart of the locale. 

The image which is obtained exhibits 

Tile panoramic television cameras we used aboard the "Luna- 16" and "Luna- 17" 
The cameras mounted on the "Luna-16" station made it possible stations as well. 

to determinc under conditions of "lunar twilight" that the place where soil 
would be collected was bedrock. 

There were four such caneras on the "Lunokhod", two on each side. One 
camera could "look" along the azimuth through 180" (onboard panorama along the 
horizon), while another could go through 360" at the angle of the observer 
(from the front wheel, forward to the horizon, lunar inclination of the 
sky, the horizon behind the "Lunokhod", the rear wheel, and completing the 
cycle at the front wheel). 
backward. 

Each camera can operate either pointing forward o r  

The principal purpose of the cameras is to scan the terrain topographically, 
csrry out navigation measurements and study the lunar relief. 

In order for the "imokhod" to be able to stop moving, the panoramic images 
are insufficient and the television devices must enable the driver to see the 
terrain ahead of this self-propelled machine. 

It was 
necessary to ensure a sufficiently large scanning angle and a good image 
quality with sufficiently high rate of transmission. 
communication lines (in terms of power) were limited in this respect, and the 
"Lunokhod" was very far away. 

Here the radio engineers were 
required to solve a number of complicated and contradictory problems. /58 

The capacity of the 

Naturally in this case a ;?arrrw beam antenna would have to be used to 
But how could one be sure that this antenna would be transmit the images. 

pointed out the Earth if it was mocnted on a moving "Lunokhod" constantly 
changing its position? 

This was accomplished by a system for controlling the narrcw beam antenna, 
consisting of a ground command and onboard executing section. The operator's 
panel at the center had the following on it: field level indicator, a system 
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for showing the angles of rotation of the antenna and a television monitoring 
device. 

In the event of misalignment (the antenna not pointed toward the Earth), 
the level of the useful signal on the control panel of the operator decreased, 
and the operator would give the necessary radio commands to the system for 
controlling the antenna of the "Lunokhod". 
commands, turning the antenna in the necessary direction and the quality of the 
television signal would be restored. 

The drive would execute these 

Two television cameras were mounted on the front of the "Lunokhod" housing. 
In this system, in contrast to the panoramic telephotometers, use was made of 
the classical principle of electronic television and the theoretically new 
methods of techniques of television transmission and signal conversion. 

In the case of the "Lul:okhod", taking into account the considerable 
distance, the low signal power and the instability of the antenna position 
during movement, a number of comparatively low rates for image transmission 
were selected at which the "time" of each frame would be measured in seconds. 
A higher rate of transmission would not be needed if we take into account the 
fact that the delay is 4 . 5  to 5 seconds. 

While we uere talking about the construction of the "Lumkhod", and about 
its "visual" and command sections, we touched on the radio system. Sow let us 
get even further acquainted with it. 

It is clear from what has been stated above that the onboard radio system 
contains the fol lowing : 

The radio telemetric system which serves to interrogate the sensors, 
collect the information obtained in its memory and transmit the information to 
Earth during the communication session; 

- the radio television and telephotometric system necessary for controlling 
the "Lunokhod" and containing the lunar panoramas; 

- the command xadio link along which commands are sent in the form of a 
code to the "Lunokhod" to switch on and shut off various systems, to carry out 
certain programs and finally those commands which achieve motion. 

The radio system includes two units with duplicate receiving instruments, 
working on two wave lengths, and one set of duplicate transmitting equipment. 

The command radio link and the telemetric system are also used when the 

The landing 

/59 
station is traveling between the Earth and the Moon, during the flight of the 
station in orbit as a satellite of the Moon and during the landing. 
on the !loon makes use of autonomous landing systems located on the landing 
platform and including a radio altimeter for considerable heights, a Doppler 
apparatus and a low-altitude altimeter. 
a iescription of the composition and operption of this apparatus. 

The first part of the book contained 



In o r d e r  t o  ca r ry  out  i ts  research,  t h e  "Lunokhod" is equipped w i t h  a 
number o f  s c i e n t i f i c  instruments.  These include radiometr ic  apparatus ,  an 
x-ray t e l e scope ,  devices  f o r  determini7g t h e  chemical composition and f o r  
i n v e s t i g a t i n g  t h e  mechanical p rope r t i e s  o f  lunar  s o i l ,  a laser corner r e f l e c t o r ,  
and temperature sensors .  

These devices ( toge the r  with t h e  o p t i c a l - t e l e v i s i o n  and navigat ional  
systems o f  tkle "Lunokhod", t h e  telemetric apparatus on t h e  s e l f -p rope l l ed  chass i s  
determining t h e  fo rce  o f  adhesion o f  t h e  wheels aga ins t  t h e  ground, t h e  tu rn ing  
moment, skidding o f  t h e  wheels and a number o f  o t h e r  c h a s s i s  parameters) have 
converted t h e  "Lunokhod" i n t o  t h e  first mobile automatic s c i e n t i f i c  laboratory 
on t h e  Moon! 

Why d i d  t h e  s c i e n t i s t s  choose p r e c i s e l y  t h i s  set o f  s c i e n t i f i c  instruments 
t o  i n s t a l l  on t h e  "Lunokhod"? 
out?  How are they b u i l t  and how do they work? The next chapter  w i l l  t e l l  about 
t h i s .  

What tasks are these  devices  supposed t o  c a r r y  

A Lit t le  Science,  S c i e n t i f i c  Instruments and Why "his is Necessary 

'I'he Sun - space - t h e  Galaxy - t h e  Universe! 

The astronomers were t h e  f irst  t o  probe t h e i r  s e c r e t s .  For a long time, 
however, it has been fe l t  t h a t  t h e  e f f o r t s  of t h e s e  s c i e n t i s t s  and t h e i r  d i s -  
coveries  were o f  no s i g n i f i c a n c e  f o r  our  e a r t h l y  affairs .  

With t h e  development o f  a new t r end  i n  istronomy ( r ad io  astronomy) 
approximately 16 years  ago, and e s p e c i a l l y  with t h e  development o f  rocket 
and space technology (approximately 20 yea r s  ago),  when transatmospheric 
astronomy began i ts  rap id  development, it was found t h a t  t h e  a c t i v i t y  of t h e  
Sun, cosmic and x-rays,  coming from t h e  Sun and the  depths o f  t h e  Universe, 
exe r t  an enormous inf luence on t h e  processes and on l i f e  on Ear th .  

I t  was found t h a t  t h e  weather, storms, spontaneous d i s t r e s s  s i g n a l s ,  2nd 
r ad io  communications were c l o s e l y  l inked to  t h e  a c t i v i t y  of t h e  Sun and t h e  
a r e a  o f  space surrounding t h e  Earth.  The t o t a l  amount o f  r ad ian t  energy which 

c a l l e d  t h e  s o l a r  constant .  Holr.-?r_sr, i t s  magnitude and t h e  limits within which 
it can vary are s t i l l  not  c l ed r .  
a change i n  t h e  s o l a r  constant. by 1% w i l l  lead t o  a change i n  t h e  average 
atmospheric temperature of approximately lo .  

. t h e  Earth r ece ives  from t h e  Sun i c  - ' .-racterized by a parameter which i s  
/60 

In add i t ion ,  c a l c u l a t i o n s  have shown t h a t  

How l a r g e  a value t h i s  i s  i s  c l e a r  from t h e  following example. The warming 
which was recorded on Earth at t h e  beginning o f  t h e  cu r ren t  century ( e spec ia l ly  
no t i ceab le  a t  high l a t i t u d e s )  was caused by a change i n  t h e  average temperature 
of t h e  atmosphere by a total  of 0.6'C, and t h e  cooling t h a t  began i n  t h e  1950s 
was as soc ia t ed  with a change i n  t h e  average temperature o f  no more than 0.3OC. 
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Recent high a l t i t u d e  experiments i n d i c a t e  t h e  p o s s i b i l i t y  of a change i n  
t h e  s o l a r  constant by 2 - 2 . 5 % .  
phenomenon is. 
space are very complicated and r equ i r e  an enormous number of measurements t o  
be c a r r i e d  out ,  c a r e f u l  a n a l j s i s  o f  t h e  l a t t e r ,  and a determinst ion of  t h e  
laws and ye la t ionsh ips  between t h e s e  complex phenomenon. 

But i t  i s  s t i l l  not knom what t h e  na tu re  of t h i s  
Processes taking place on t h e  Sun and In  in t e rp l ane ta ry  

What are t h e s e  cosmic and x-rays? What i s  s o l a r  a c t i v i t y ?  Khat kind of 
a r e l a t i o n s h i p  do they have w i t h  one another? In t h e  
terminology, t h e  word "cosmic rays" appeared abcut 50 years  ago and K a s  
associated with an unknown and puzzling phenomenon which p h y s i c i s t s  could not 
explain a t  t h a t  time - t h e  ion iza t ion  of gases  i n  de.?ices. This phenomena 
d i s tu rbed  t h e  performance o f  a number o f  very important experiments. 
mining t h e  o r i g i n  o f  t h e  source of t h i s  phenomenon it was es t ab l i shed  t h a t  
it had an e x t r a t e r r e s t r i a l  nature .  

How can u e  study them? 

In de t e r -  

Long experiments, e s p e c i a l l y  those  using rocket and space technology, have 
enabled s c i e n t i s t s  t o  determine t h a t  : 

- cosmic r a y s  are f luxes  of charged p a r t i c l e s  moving through t h e  
universe.  They c o n s i s t  p r imar i ly  o f  protons,  e l e c t r o n s ,  alpha p a r t i c l e s  and 
t h e  nuc le i  of heavy elements. 

- The area o f  space nea r  t h e  Earth is  f i l l e d  with a g rea t  many p a r t i c l e s  
with d i f f e r e n t  energies ,  protons and e l e c t r o n s ,  which form t n e  r a d i a t i o n  b e l t  o f  
t h e  Earth;  

- chromospheric flares on t h e  Sun (observed in t h e  t e l e scope  i n  t h e  form 
of  b r i g h t  areas on t h e  solar d i s c )  emit i n t o  i n t e r p l a n e t a r y  space f luxes  of 
hot plasma and cosmic r ays ,  and f luxes  nf charged cosmic p a r t i c l e s  appear i n  a 
sho r t  time i n  t h e  v i c i n i t y  o f  t h e  Earth.  A t  t hese  times, aurorae appear on 
Earth and r ad io  communications are f r equen t ly  in t e r rup ted ;  

- another source of  cosmic rays besides  t h e  Sun c o n s i s t s  o f  many s t a r s ,  
e s p e c i a l l y  those  which are i n  an uns t ab le  phase o f  development, f o r  example, 
t h e  so-cal led supernovae; 

- t h e  Earth 's  atmosphere, t h e  magnetic f i e l d  o f  t h e  Earth and f i n a l l y  t h e  
r a d i a t i o n  b e l t ,  on t h e  one hand, c o n s t i t u t e  r e l i a b l e  screens which p r o t e c t  our 
planet  and a l l  l i v i n g  matter aga ins t  t h e  harmful e f f e c t s  of space and on t h e  
o t h e r  hand do not allow many cosmophysical s t u d i e s  t o  be performed on Ear th .  

A t  t h e  same time as t h e s e  d i scove r i e s ,  it was es t ab l i shed  t h a t  i n t e rp l ane -  /61 
t a r y  space has a complicated s t r u c t u r e  and i s  f i l l e d  with magnetic f i e l d s  and 
f luxes  of s o l a r  plasma, which so to  speak make up t h e  r a r e f i e d  atmosphere o f  
t h e  Sun, extending outward as far  as t h e  o r b i t  o f  Mars, and i t  i s  even poss ib l e  
t h a t  cosmic 
planetary f i e l d s  and t h e  E a r t h ' s  magnetic f i e l d  are a l l  l inked by a very 
complicated i n t e r r e l a t i o n s h i p  and i n t e r a c t i o n .  

rays  o f  g a l a c t i c  o r i g i n ,  s o l a r  cosmic r ays ,  plasma, magnetic i n t e r -  
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I f  t h e  Sun is q u i e t  (and i t  is  very rarely q u i e t ) ,  t h e  s o l a r  atmosphere 
w i l l  be  q u i e t  as well. 
f i e l d  w i l l  have t h e  shape of h e l i c e s  along which t h e  cosmic rays move ( p a r t i c l e s  
with comparatively high ene rg ie s ) ,  including those  o f  g a l a c t i c  o r i g i n .  

Then t h e  l i n e s  of fo rce  of t h e  i n t e r p l a n e t a r y  magnetic 

Cosmic g a l a c t i c  r a d i a t i o n ,  a r i s i n g  as t h e  r e s u l t  o f  g i g a n t i c  explosions 
on stars, are s c a t t e r e d  i n t o  space and undergo add i t iona l  acce le ra t ion  t o  
enormous energies  under t h e  in f luence  o f  i n t e r s t e l l a r  paramagnetic f i e l d s  
(on t h e  o r d e r  o f  b i l l i o n s  o f  e l e c t r o n  v o l t s ) .  
times under t h e  inf luence o f  t h e s e  f i e l d s ,  sone f luxes  reach our  S o l a r  System. 
They a r r i v e  i n  almost equal amounts from a l l  d i r e c t i o n s .  Thus, t h e  Sun i s  
q u i e t ,  i t s  atmosphere i s  q u i e t ,  and the  i n t e r p l a n e t a r y  magnetic f i e l d  is  
q u i e t .  But systematic  observat ions of t h e  Sun over  t h e  las t  two hundred yearb 
have ind ica t ed  t o  s c i e n t i s t s  t h a t  a number o f  complicated phenomena are taking 
place on t h e  Sun, r e f e r r e d  t o  as s o l a r  a c t i v i t y .  

Changing t h e i r  d i r e c t i o n  many 

The magnitude o f  s o l a r  a c t i v i t y  i s  measured by t h e  number of  s p o t s  (colder  
areas) on t h e  Sun's d i s c .  The l a r g e r  t h e  s p o t s  t h e  g r e a t e r  t h e  a c t i v i t y  and 
v i c e  versa .  

Observing how t h e  number of s p o t s  on t h e  Sun changes, i . e . ,  how i t s  
a c t i v i t y  changes, s c i e n t i s t s  have found t h a t  a c t i v i t y  is  sub jec t  t o  pe r iod ic  
changes appearing approximately every 11 years .  
a c t i v i t y  . 

This  is t h o  cyc le  o f  s o l a r  

A t  t h e  beginning o f  t h e  cyc le  t h e  number of s p o t s  is  minimal, then t h e i r  
number inc reases  and f i n a l l y  reaches a maximum, af ter  which it s tar ts  t o  d i e  
down again. 
f lares on t h e  Sun, and t h e  more powerful t hese  flares are. 
f luxes  of hot plasma and solar cosmic rays  are shot ou t  i n t o  space and, moving 
a t  supersonic v e l o c i t y ,  are captured by t h e  h e l i c a l  i n t e r p l a n e t a r y  magnetic 
f i e l d ,  forming t h e  so-cal led shock waves (an area o f  dense plasma with increased 
s t r eng th  of t h e  mngnetic f i e l d ) .  
s eve ra l  thousands o f  kilometers p e r  second, .+e  wave d i s t u r b s  t h e  s t a t i a n a r y  
h e l i c a l  magnetic f i e l d  and prevents  t h e  pene t r a t ion  o f  g a l a c t i c  cosmic r ad ia t ion  
i n t o  t h e  s o l a r  system. Consequently, when t h e r e  is an inc rease  i n  the  number 
o f  s p o t s  (more exac t ly ,  t h e  number o f  flares on t h e  Sun) the  i n t e n s i t y  of 
g a l a c t i c  cosmic r a d i a t i o n  d i e s  down and v i c e  ve r sa ,  when t h e  number of spot: 
decreases  it  inc reases .  
of cosmic radia+.;on. 

The more s p o t s  t h e r e  are on t h e  Sun, t h e  g r e a t e r  t h e  number of 
As we a l r eady  know, 

Propagating through space a t  t h e  r a t e  of 
I 
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These changes are c a l l e d  t h e  11 year p a t t e r n  of i n t e n s i t y  

Cosmic ray.- ( t h e  g a l a c t i c  v a r i e t y ) ,  coming from t h e  depths of t h e  Universe, 
ca r ry  c e r t a i n  i :ormation about phenomena t ak ing  p l ace  ou t  t h e r e .  
way t o  t h e  s o l a r  system ( the  Earth) they t r a n s i l l u m i n a t e  space. Consequently, 
t h e  cosmophysicist, who s t u d i e s  t h e s e  rays ,  i s  so t o  speak carrying ou t  
experiments f a r  from Earth - a t  g rea t  d i s t ances  from i t ,  s i n c e  it i s  impossible 
t o  ob ta in  such high energy p a r t i c l e s  under terrestrial  laboratory condi t ions,  
r ega rd le s s  of a l l  o f  t h e  achievements of modern science and technology. 
t hese  r ays ,  t h e  s o l a r  plasma and s o l a r  cosmic rays  c rea t ed  i n  t h e  chromospheric 
f lares c o n s t i t u t e  a b a r r i e r  which c loses  t h e  way t o  t h e  s o l a r  system. 

(in t h e i r  

For 



In studying t h e  i n t e r a c t i o n  between t h e  cosmic rays  and t h e  magnetic f i e l d  
we can s tudy t h e  s t r u c t u r e  o f  i n t e r p l a n e t a r y  space which i n  t u r n  enables 
s c i e n t i s t s  t o  l ea rn  and perhaps t o  change t h e i r  concepts about t h e  n a t u r e  o f  
t h e  Universe. 

To understand t h e  phenomena taking place on t h e  Sun and i n  i t s  depths ,  
t o  l ea rn  how t o  p r e d i c t  t h e i r  e f f e c t s  - t h i s  makes i t  possible  t o  ensure t h e  
s a f e t y  o f  cosmonauts i n  f l i g h t ,  t o  fo recas t  t h e  d i s r u p t i o n  o f  cosmic and 
terrestr ia l  r ad io  communications, t o  p r e d i c t  t h e  weather more accu ra t e ly ,  t o  
know i n  advance what areas o f  t h e  Earth w i l l  be subject  t o  sudden storms, etc.  

This  is  why t h e  radiometr ic  apparatus  was among t h e  first instruments 
which t h e  s c i e n t i s t s  placed aboard t h e  "Lunokhod". 
atmosphere and no magnetic f i e l d ,  so t h a t  a l l  cosmic rays  can be picked up 
f r e e l y .  

On t h e  Moon t h e r e  is no 

The radiometr ic  apparatus mounted aboard the  "Lunokhod" c o n s i s t s  o f  two 
u n i t s .  One u n i t ,  cons i s t ing  o f  gas-discharge coLmters and semiconducter 
d e t e c t o r s  o f  charged ? a r t i c l e s  are mounted out;ide t h e  hermetical ly  sea l ed  
housing o f  t h e  "Lunokhod" while the  second u n i t ,  which a l s o  has gas-discharge 
counters and e l e c t r o n i c  c i r c u i t s  as well, which transform t h e  information 
picked up from t h e  o u t s i d e  d e t e c t o r s  i n t o  a form convenient f o r  transmission 
by t h e  onboard r ad io  t e l e m e t r i c  system, i s  located i n s i d e  t h e  "Lunokhod". 

When charged eleuentary p a r t i c l e s  passed through t h e  d e t e c t o r  ( i t s  s e n s i t i v e  
element is  a counter) ,  cu r ren t  pu l se s  are developed i n  it which are transformed 
by e l e c t r o n i c  c i r c u i t s  i n t o  standard e l e c t r i c a l  impulses which are recorded 
s t o r e d  and t r ams i t t ed  t o  Earth during t h e  communication se s s ions  v i a  t h e  
telemetric channels. 

The semiconductor d e t e c t o r s  d i s t i n g u i s h  protons i n  s o l a r  cosmic r a d i a t i o n  
with energies  i n  t h e  range from 1 t o  5 mil l ion  e l e c t r o n  v o l t s ,  coming from 
d i f f e r e n t  d i r e c t i o n s .  
energies  g r e a t e r  than a mi l l i on  e l e c t r o n  v o l t s  and e l e c t r o n s  with ene rg ie s  
g r e a t e r  than 40,000 e i e c t r o n  v o l t s .  
-discharge counter and a semiconductor d e t e c t o r ,  we can estimate t h e  f luxes  of 
e l ec t rons  of  s o l a r  cosmic rays with ene rg ie s  g r e a t e r  than 50,000 e l e c t r o n  v o l t s .  
One o f  t h e  semiconductor d e t e c t o r s  records alpha p a r t i c l e s  o f  s o l a r  cosmic 
r a d i a t i o n  with a range of energies  above 5 mi l l i on  e l e c t r o n  v o l t s .  

The gas-discharge counter d e t e c t s  t h e  protons with 

Comparing t h e  measurements of t h e  gas- 

- /63 

The gas-discharge counter ,  mounted i n s i d e  t h e  hermetical ly  sealed housing 
of t h e  fllunokhodff, measures t h e  proton f luxes  with ene rg ie s  g r e a t e r  than 30 
mi l l i on  e l e c t r o n  v o l t s ,  from both s o l a r  and g a l a c t i c  cosmic r a d i a t i o n .  

Some o f  t h e  counters  f o r  protons are located at  d i f f e r e n t  angles  r e l a t i v e  
t o  t h e  ax i s  o f  t h e  "Lunokhod" making i t  poss ib l e  t o  measure t h e  i n t e n s i t y ,  
spectrum, d i r e c t i o n  of a r r i v a l  and t o  estimate t h e  composition of t h e  cosmic 
rays found on t h e  Moon. 
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In add i t ion ,  t h e  radiometr ic  apparatus mounted aboard t h e  "Lunokhod" i s  
capable o f  recording t h e  r e a c t i v i t y  r a d i o a c t i v i t y  o f  t h e  su r f ace ,  i . e . ,  t o  a c t  
a s  a d e t e c t o r  o f  r ad ioac t ive  elements on t h e  Moon. 

From t h e  Earth,  it is poss ib l e  t o  view t h e  Universe only through two 
very narrow "windows" of t h e  e n t i r e  spectrum o f  waves, i n  t h e  v i s i b l e  region 
and i n  t h e  radiowave region between seve ra l  mm and t en ths  o f  meters. 

A l l  o f  t h e  rest o f  t h e  range o f  electromagnetic r a d i a t i o n  is absorbed by 
t h e  r a d i a t i o n  b e l t ,  t h e  ionosphere, t h e  magnetosphere and t h e  atmosphere o f  t h e  
Earth.  

S tud ie s  performed i n  r ecen t  yea r s  have shown t h a t  t hese  r a d i a t i o n s  ( in -  
v i s i b l e  from Earth) ca r ry  considerable  and important information both about 
individual  c e l e s t i a l  ob jec t s  ( s t a r s ,  ga l ax ie s )  and about t h e  Universe as a 
whole - t h e  condi t ions o f  i t s  o r i g i n  arid evolut ion.  

The study and t h e  i n v e s t i g a t i o n  o f  x-rays and u l t r a v i o l e t  rays of cosmic 
o r i g i n  has become poss ib l e  only af ter  the development o f  rockets  and sa te l l i t es  
capable o f  r i s i n g  t o  a l t i t u d e s  above 100 km above t h e  su r face  o f  t h e  Earth,  
s i n c e  x-rays are absorbed by t h e  atmosphere a t  a l t i t u d e s  less than 100 km and 
t h e  u l t r a v i o l e t  r a d i a t i o n  is considerably a t t enua ted  by i t .  

The f irst  d i s c r e t e  sources  o f  x-rays from space were de tec t ed  i n  1962, when 
experiments were performed to  measure t h e  x - r ad ia t ion  from t h e  Moon which, as 
it  was f e l t ,  could have a r i s e n  under t h e  inf luence o f  bombardment o f  t h e  luna r  
su r face  by cosmic rays .  
Moon, so t h a t  one of t h e  most important d i scove r i e s  o f  t h e  20th century was 
made - sources of cosmic x-rays were discovered. The first experiments per-  
formed with t h e  launching o f  rockets  t h a t  were f i r e d  v e r t i c a l l y  ( t o  a l t i t u d e s  
up t o  1,000 km) e s t ab l i shed  t h a t  t h e  Sun i s  a powerful source o f  sho r t  wave, 
x and u l t r a v i o l e t  r a d i a t i o n .  
about t h e  s t r u c t u r e  of t h e  Sun (its ex te rna l  envelope) and about t h e  physical 
processes t h a t  occur on i t ,  and regarding t h e i r  inf luence on t h e  ionosphere, 
magnetosphere a i d  atmosphere o f  t h e  Earth and consequently on l i f e  on Earth.  

But it proved impossible t o  d e t e c t  any x-rays from t h e  

Further  observat ions yielded important information 
? 

/ 64 A g rea t  dea l  o f  space was devoted i n  these  works t o  t h e  "Interkosmos" - 
program. 
have provided extremely i n t e r e s t i n g  da ta .  The u l t r a v i o l e t  r a d i a t i o n  from t h e  
stars has been s tud ied ;  t h e  cca-ma surrounding t h e  Earth has been discovered,  
glowing i n  t h e  far  u l t r a v i c  C t .  

were discovered (approxL ... a t e l y  SO), some o f  which ( 1 2 )  were as soc ia t ed  with 
known o p t i c a l  o b j e c t s ,  while 4 sources  are located o u t s i d e  our  Galaxy. 
d i f f u s e  x-ray "background" i n  cosmic space was de tec t ed ,  i . e . ,  it was found 
t h a t  t h e  en t i re  universe  surrounding u s  is  glowing with x-rays,  but t h e  reason 
f o r  t h i s  r a d i a t i o n  has not y e t  been explained. 

S tud ie s  i n  recent  yea r s  performed by means of rockets  and s a t e l l i t e s  

Several  dozen d i s c r e t e  sources of x - r ad ia t ion  

A 

Fluxes of x-rays reaching us from cosmic sources are very weak, which makes 
it very d i f f i c u l t  t o  study them. The i r  i n t e n s i t y  v a r i e s  from 0 .1  t o  20 photons 
per  cm2 per  second, and it is  not considered poss ib l e  t o  s tudy weaker r a d i a t i o n  
( l e s s  than 0 .1  photon) a t  t h e  present  time. 
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But we should not think t h a t  once we have detected such weak r a d i a t i o n  on 
Earth tha t  a l l  o f  t h e  sources  of such r a d i a t i o n  a r e  t h e  same. As c a l c u l a t i o n s  
have shown, x-rays from a source located i n  t h e  c o n s t e l l a t i o n  Scorpio are 
1,000 times more powerful than t h e  r a d i a t i o n  of  ou r  Sun (x-ray, thermal,  
l i g h t  and r a d i o  emissions combined). 

Thus fa r ,  however, s c i e n t i s t s  have beer: a b l e  t o  say very l i t t l e  about the  
nature  of such x-ray stars. 
do we know t h e  d i s t r i b u t i o n  o f  energy i n  t h e i r  spectrum and t h e i r  angular s ize .  
However, on t h e  b a s i s  o f  t h e s e  d a t a  s c i e n t i s t s  can construct  models o f  sources 
of x-radiat ion ( t h e  s t r u c t u r e  ana physical processes going on i n  them). 

Only i n  t h e  case o f  a few sources o f  x - r ad ia t ion  

I t  has been suggested t h a t  a number o f  x-ray stars ha1.e temperatures of 
several  t e n s  of mi l l i ons  o f  degrees arrd measure only seve ra l  t e n s  o f  ki lometers ,  
i . e . ,  t h e i r  dens i ty  reaches extraordinary values  - 100,000,000 tons  i n  1 cubic 
centimeter! 

The enormous r a d i a n t  energy from t h e s e  stars,  c a l l e d  "neutron stars" i s  
explained by t h e  thermonuclear r eac t ions  t h a t  take place a t  t h e i r  cores .  
Apparently t h e r e  was an i n i t i a l  "combustion" - conversion o f  hydrogen i n t o  
helium, af terwhich inc reas ing ly  heavy elements began t o  "burn" and f i n a l l y ,  
a t  t he  end o f  t h i s  evolut ionary process ,  when a l l  of t h e  elements had been 
"burned up", t h e  "neutron star" appeared. In  observing "neutron stars", sc i en -  
t i s t s  have been a b l e  t o  d e t e c t  pu l sa t ions  i n  t h e  r a d i a t i o n  from c e r t a i n  s t a r s ;  
hence, these stars have been c a l l e d  "pulsars". I t  is  poss ib l e  t h a t  t h e  
"pulsars" are "neutron stars" which have a powerful magnetic f i e l d .  

A very i n t e r e s t i n g  "pulsar" was discovered i n  t h e  Crab Nebula; t h e  
x-radiat ion,  r ad io  emissions and o p t i c a l  r a d i a t i o n  a l l  p u l s a t e  a t  t h e  same rate .  

/ 6 5  No o t h e r  x-ray sources with p u l s a t i n g  r a d i a t i o n  have ye t  been found. - 
In view of t h e  fact t h a t  t h e  Crab Nebula appeared a t  t h e  s i t e  o f  one of 

t h e  supernovae, it may be assumed t h a t  some x-ray s tars  are t h e  remains of 
"old" supernovae. In  our  galaxy supernovae f lare  up every few hundred years .  

As we can see, t h e r e  are more than enough unexplained quest ions concerning 
t h e  na tu re  o f  x - r ad ia t ion ,  t h e  processes t ak ing  place i n  sources if X-radiation, 
concerning t h e  na tu re  and t h e  s t r u c t u r e  o f  neutron stars,  p u l s a r s ,  quasars  
(newly discovered very powerful sources o f  x - r ad ia t ion ,  located a t  a d i s t a n c e  
o f  b i l l i o n s  of l i g h t  years  from our  galaxy and having r e l a t i v e l y  small 
dimensions, r a d i a t i n g  energy t e n s  of thousands o f  time s t ronge r  than t h e  stars 
i n  ou r  galaxy) ,  sources o f  co los sa l  energy. 

I f  we consider  t h a t  a l l  o f  t h i s  is of g r e a t  s ign i f i cance  i n  t h e  unlocking 
o f  t h e  secrets o f  thermonuclear r eac t ions ,  as well as i n  understanding t h e  
processes occurr ing i n  ou r  universe  and t h e  pathways which i t s  f u r t h e r  
development w i l l  take,  it becomes understandable why t h e  s c i e n t i s t s  have such 
tremendous i n t e r e s t s  i n  t h e s e  s t u d i e s .  
above as well as a g r e a t  many o t h e r s ,  i t  i s  necessary t o  conduct prolonged 
and systematic  s t u d i e s  o f  var ious areas of space.  

In  o r d e r  t o  answer t h e  quest ions posed 
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A t  t h e  present  time, t h e  durat ion of t h e  x-ray astronomical observat ions 
c a r r i e d  out  p r imar i ly  by instruments e levated above t h e  limits of t h c  atmospherc 
by means o f  rocke t s ,  can be measured i n  several  hours a l l  over t h e  world. 
i s  why an astronomical observatory located on t h e  Moon i s  t h e  dream of 
s c i e n t i s t s .  Atmosphere, ionosphere, magnetosphere and r a d i a t i o n  b e l t s ,  a l l  o f  
which absorb and inf luence r a d i a t i o n ,  are nonexistent on t h e  Moon. I t  becomes 
poss ib l e  t o  c a r r y  ou t  long and continuous observat ions,  s i n c e  t h e  Moon revolves 
very slowly (one revolut ion i n  2 7 . 3  Earth days) ,  making i t  poss ib l e  t o  d i r e c t  
t h e  instrument a t  t h e  ob jec t  under s tudy with a considerable  amount of accuracy 
and keep i t  i n  t h e  f i e l d  o f  v i s i o n  f o r  a long time, gaining information about 
weak sources o f  r a d i a t i o n .  In  add i t ion ,  t h e  lack o f  wind and a fo rce  o f  g r a v i t y  
which i s  6 times less than t h a t  on Earth would make it poss ib l e  t o  b u i l d  
instruments of  tremendous size on t h e  Moon and consequently inc rease  t h e i r  
s e n s i t i v i t y  a thousandfold,  so t h a t  t h e  p o s i t i o n  of r a d i a t i o n  sources  could be 
a sce r t a ined  with g r e a t  p rec i s ion .  

This 

I t  is c l e a r  from t h e  above why t h e  second s c i e n t i f i c  instrument of t h e  
"Lunokhod-1" was 2 small x- ray  t e l e scope .  
counters  o f  x-ray photons. 
t o  t h e  s p e c t r a l  range from 2 t o  10 Angstroms end has a f i e l d  d i v i s i o n  o f  3 degrees.  
The second counter is t h e  con t ro l ;  it is  not s e n s i t i v e  t o  x - r ad ia t ion  and 
makes it poss ib l e  t o  check t h e  background o f  cosmic r a d i a t i o n .  

The device c o n s i s t s  of two individual  
One o f  them is  t h e  working instrument,  s e n s i t i v e  

The lengthwise axes of both counters  are d i r e c t e d  toward t h e  lunar  zen i th ,  
and as t h e  Moon r o t a t e s ,  t h e  three-degree s e c t o r  slowly s l i d e s  along t h e  
c e l e s t i a l  sphere,  captur ing x - rad ia t ion  from d i s t a n t  sources .  

Each photon reaching t h e  counter generates  an e l e c t r i c a l  impulse, which 
a f t e r  being amplified i n  t h e  e l e c t r o n i c  ampl i f i e r  e n t e r s  a spec ia l  counter ,  
then i s  passed on t o  a memory device whence t h e  s t o r e d  information i s  "counted" 
during t h e  r ad io  communications s e s s i o n s  and t r ansmi t t ed  t o  Ear th .  

The x-ray t e l e scope  makes it p o s s i b l e  t o  c a r r y  ou t  measurements during t h e  
per iods between communication se s s ions  f o r  per iods o f  18 hours,  when it i s  
not poss ib l e  t o  have a c t i v e  communications with t h e  "Lunokhod" s i n c e  during 
t h i s  period of time (thanks t o  t h e  d a i l y  r o t a t i o n  o f  t h e  Earth) t h e  "Lunokhod" 
i s  no t  i n  t h e  f i e l d  o f  v i s i o n  o f  t h e  t e r res t r ia l  instruments located i n  t h e  
t e r r i t o r y  of t h e  Soviet  Union. 

The time during which accumulation o f  information takes place ( t h e  length 
o f  a s i n g l e  exposure) i s  6 hours,  and t h e r e  are t h r e e  such exposures i n  one 
Earth day, which i s  almost one thousand times g r e a t e r  thn: t h e  capaci ty  of 
any rocket  experiment. I f  we t ake  i n t o  account t h a t  t h e  s e n s i t i v i t y  of t h e  
instrument is increased t en fo ld ,  it becomes c l e a r  what enormous s c i e n t i f i c  
s i g n i f i c a n c e  i s  at tached t o  t h i s  experiment. 
be poss ib l e  t o  determine t h e  dens i ty  o f  t h e  gas i n  t h e  universe  and thereby 
answer t h e  quest ion o f  what cosmological f a t e  awaits i t .  
it has been e s t ab l i shed  by r ad io  astronomy t h a t  our  universe  has been expanding 
f o r  t h e  las t  t e n  b i l l i o n  years ,  i .e. ,  ga l ax ie s  fa r  away from us are receding 
and t h e  f u r t h e r  away they  are, t h e  faster they t r a v e l .  

S c i e n t i s t s  expect t h a t  it w i l l  

A t  t h e  present  time 

How long can t h i s  process 
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continue? What will happen then? 
to this question as provided by theory. 

There are two diametrically opposite answers 

If the density of the interstellar gas is less than the critical value 
(approximately 1 atom of hydrogen per 100,000 cubic cei iimeters of space), the 
universe will expand forever; if it is greater, then in approximately ten to 
twenty billion years the expansion will cease and contraction will begin, ending 
by the universe being compressed into a s.hgle 2oint. 

Thus far we have been talking about iiistruments which will enable the 
scientists to understand the universe, but the "Lunokhod-1" is a self-propelled 
device intended for investigating the lunar surface. 
does it carry for this purpose? 

What kind of instruments 

In order to perform a chemical analysis of the composition of the soil 
(rather, to determine the type of rocks making up the lunar surface), the 
"Lunokhod" has mounted aboard it an x-ray spectrometer of the "Rifma" type 
(x-ray isotopic fluorescent method of analysis). 

The operating principal of this instrument consists in the following. By 
means of a radioactive isotope (contained in a special ampoule), the area 
of the ground which is of interest is irradiated. As a result, induced radio- 
activity is created in the soil and the soil itself begins to emit radiation. 
Each of the chemical elements contained in the soil gives off radiation with 
a certain wavelength (specific energy). This radiation is, so to speak, the - /67 
calling card of the element in question. 
to recording this radiation and collecting the calling cards. 

Consequently the problem boils down 

To do this, 10 proportional counters are used, each of which is a tube 
The entire tube is containing a gas to which a certain voltage is applied. 

covered by a shield and there is a 5 micron slit at one place only, through which 
the x-radiation from the radioactivity induced in the soil can pass (during the 
period of irradiation of the soil by the radioactive ;sotope the counters are 
covered by a shield). Under the influence of this radiation, the gas in the 
tube is ionized and an electrical current begins to flow through the ionized 
gas between electrodes. 
energy of the radiation and corresponds to the element in question. 
this instrument, geochemists located on Earth are able to determine the chemical 
composition and the type of material on the Moon at the location of the 
"Lunokhod", i.e., in various regions of the lunar surface. 

The magnitude of this current is proportional to the 
Thanks to 

Simultaneously with the investigation of the chemical composition of the 
lunar soil, the "Lunokhod" carries out a study of its mechanical properties 
by means of a special device called a penetrometer. 

I 

The penetrometer is a word that comes from a combination of the Latin word 
"penetro", "I penetrate" and the Greek P E T P E W ,  "I measure", i.e., I measure 
the properties as indicated by penetration into the depth of the material. 
The process of simultaneous penetration into the material and the measurement 
of its properties is called penetration. 
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The penetrometer is  mounted on a hinged parallelogram, so t h a t  i t  can move 
i n  t h e  v e r t i c a l  plane.  
p lane ,  a s p e c i a l  e l e c t r i c  motor with a gea r  box and sensors  which record t h e  
depth o f  pene t r a t ion  o f  t h e  working po r t ion  o f  t h e  penetrometer i n t o  t h e  s o i l  
and t h e  r e s i s t a n c e  t o  t h i s  pene t r a t ion  (compression) is  used. The working ele- 
ment o f  t h e  penetrometer i s  a cone with cruciform blades.  

In o rde r  t o  move t h e  penetrometer i n  t h e  v e r t i c a l  

After t h e  cone has penetrated t o  a c e r t a i n  depth,  a second e l e c t r i c  motor 
causes i t  t o  t u r n  around i t s  lengthwise axis. 
cone and t h e  force of r e s i s t a n c e  t o  t h i s  r o t a t i o n  ( s h i f t )  are determined. 
During t h e  pene t r a t ion  process ,  a t  a given p o i n t ,  we w i l l  o b t a i n  not a s i n g l e  
value (poin t )  i nd ica t ing  t h e  p r o p e r t i e s  o f  t h e  s o i l ,  but an e n t i r e  curve which 
desc r ibes  t h e  law of  t h e  change o f  t h e  p r o p e r t i e s  of lunar  s o i l  with depth.  
This a b i l i t y  t o  study t h e  mechanical p r o p e r t i e s  o f  t h e  s o i l  i s  a g rea t  s t e p  
forward i n  cumparison with t h e  method o f  measurement which was used experimentally 
aboard t h e  "Luna- 13" st  a t  ion .  

The angle o f  r o t a t i o n  of t h e  

I t  should be kept i n  mind t h a t  t h e  c h a r a c t e r i s t i c s  o f  t h e  mechanical 
? rope r t i e s  o f  t h e  s o i l ,  as determined with t h e  a i d  of t h e  penetrometer, are 
extremely necessary not only t o  t h e  s c i e n t i s t  but t o  t h e  designers  who w i l l  
bdi Id f u t u r e  means o f  t r a n s p o r t a t  ion  on t h e  Moon. 

We can hope t h a t  t h e  research which is  c a r r i e d  out  b: ' e instruments and /68 - 
t h e  x-ray spectrometers of t h e  "Rifma" type and t h e  penetrameters i n  conjunction 
w i t h  d i r e c t  s t u d i e s  of the lunar  s o i l  brought back t o  Earth by automatic 
s t a t i o n s  o f  t h e  "Luna-16" type w i l l  make it p o s s i b l e  t o  r evea l  some o f  t h e  
secrets o f  t h e  Moon's o r i g i n  and w i l l  h e lp  i n  t h e  s o l u t i o n  o f  o t h e r  cosmogonic 
problems. 

Among t h e  s c i e n t i f i c  instruments mounted aboard t h e  "Lunokhod", a p a r t i c u l a r  
place has been reserved f o r  t h e  laser corner  r e f l e c t o r .  
conjunction with ground r ece iv ing - t r ansmi t t i ng  f a c i l i t i e s  equipped with laser- 
-d i r ec t ion  f ind ing  apparatus ,  is  intended t o  answer a number o f  quest ions of 
i n t e r e s t  t o  astronomers, g e o l o g i s t s ,  p h y s i c i s t s ,  communication s p e c i a l i s t s  and 
s c i e n t i s t s  i n  a number of o t h e r  d i s c i p l i n e s .  

This device,  i n  

The inc lus ion  of t h i s  experiment was poss ib l e  because o f  t h e  development 
and accomplishments of quantum radiophysics and due t o  t h e  development o f  
powerful pulsed lasers which possess enormous s p e c t r a l  dens i ty  of l i g h t  energy 
and considerable  d i r e c t i o n a l i t y  of t h e  r a d i a t i o n  beam. 

The laser r e f l e c t o r  was b u i l t  by French s c i e n t i s t s  and engineers i n  
accordance with t h e  Franco-Soviet agreement on cooperation i n  t h e  s tudy and 
conquest o f  space f o r  peaceful purposes. 

This i s  a s p e c i a l  l i g h t  r e f l e c t o r  composed of 14 t r i a n g u l a r  prisms measuring 
100 mm on t h e  s i d e .  
a fashion t h a t  3 angles of t h i s  prism are r i g h t  angles a t  t h e  ve r t ex  and t h e  
base o f  t h e  prism is t h e  s e c t i o n  plane.  

Each o f  t h e  prisms forms a corner  cu t  from a cube i n  such 
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A second u n i i  vas devised and b u i l t  by French engineers and mounted on t h e  
1.05 meter te lescope located a t  t h e  P ic  du Midi Observatory i n  t h e  Pyrenees. 

These u n i t s  included the  following: 

An o p t i c a l  converter  using a ruby l a s e r  with modulated r e so lu t ion  and a 
pulse  lens on the  order  o f  one hundred mi i l i on th  o f  a second; 

a narrow-band photoreceiver with a system f o r  r eco r j ing  the i e f l e c t e d  
s i g n a l ;  

a device f o r  measuring t h e  propagation time o f  the l i g h t  s i g n a l  t o  t h e  
r e f l e c t o r  and back with a measurement accuracy on t h e  o rde r  o f  one hundred 
m i l l i c a t h  o f  a second; 

a u n i t  containing automatic devices and con t ro l s  f o r  t h e  e n t i r e  apparatus.  

The essence o f  t h e  experiment of laser loca t ion  consis ted i n  t h e  following. 
Knowing Che coordinates o f  t h e  loca t ion  o f  t h e  laser r e f l e c t o r  ("Lunokhod") on 
t h e  Moon, on t h e  b a s i s  o f  known c h a r x t e r i s t i c  lunar  formations,  a c t i n g  as 

th: point  i n  question at  the lunar  sur face .  
pulses are emitted (as a d i r e c t i o n a l ,  s t r i c t l y  ordered s i n g l e  f r o n t )  w i t h  a 
pulse  length on t h e  o rde r  o f  one hundred mi l l i on th  of a second and a pulse  power 
o f  several  j ou le s .  The r e p e t i t i o n  frequency o f  t hese  pulses is 4 per  second. 

reference po in t s ,  t h e  te lescope (and consequently t h e  ruby laser) i s  aimed a t  - /70 
The laser i s  ac t iva t ed ,  t h e  l i g h t  

Leaving t h e  laser and passing through t h e  o p t i c a l  system of t h e  t e l e scope ,  
t he  l i g h t  quanta,  l i t e r a l l y  t h e  "bullets",  head f o r  t h e  Moon i n  a compact 
group. 

A t  t h e  sane time t h a t  t h e  "shot" takes p l ace ,  clocks begin t o  operate  - 
instruments are measuring t h e  time required f o r  t h e  l i g h t  s igna l  t o  t r a v e l  and 
having accuracy of t h e  same orde r  as t h e  du ra t ion  of the p a l s e s .  A port ion of 
t h e  quanta,  after covering t h e  d i s t ance  from t h e  Earth t o  t h e  Moon with t h e  
speed o f  l i g h t ,  has reached i t s  su r face .  However, while i t  had t h e  sha?e of a 
very f i n e  beam when it l e f t  t h e  t e l e scope ,  as a r e . : i l t  o f  o p t i c a l  divergence 
of t h e  beam after passing through t h e  t e l e scope ,  measured i n  seve ra l  seconds. 
we w i l l  have on t h e  Moon not a b r i g h t l y  i l luminated point  but a spot  of l i g h t  
5 km i n  rad ius .  
spread out  over t h i s  spot  (with t h e  exception o f  t h a t  energy which was 
s c a t t e r e d  i n  t h e  Ea r th ' s  atmosphere). 

The l i g h t  energy of t h e  laser t ransmit ted from Earth is  

Although t h e  laser reflecter mounted on t h e  "Lunokhod" ( t h i s  is vhere i t  is 2 needed) has a l imited area on t h e  o rde r  o f  100 cm ( the  area '.s ;.cry small i n  
comparison with t h e  area of a c i r c l e  5 km i n  r a d i u s ) ,  it ensuxes a s t r ic t ly  
guided r e f l e c t i o n  of t h e  beam t o  t h e  Earth end thanks t o  i t s  small s ize  COD- 
s t i t u t e s  a s t r i c t l y  loca l i zed ,  p r a c t i c a l l y  point  t a r g e t ,  which does not i n t r o -  
duce any add i t iona l  e r r o r s  i n t o  t h e  measured d i s t ance  due t o  i t s  i n t r i n s i c  
dimensions. 

I 
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Thus, a small por t ion  o f  t h e  l i g h t  pu lse  t ransmi t ted  from Earth has been 
r e f l e c t e d  from t h e  "mirror" - laser r e f l e c t o r  - and has re turned t o  Eaich, 
exac t ly  at t9e same point  wheiice it caste. 
Earth,  a por t ion  of t h z  r e f l e c t e d  Light energy w i l l  again be s c a t t e r e d  by t h e  
atmosphere and only tens o r  i n  the case of t h e  beam hundreds of quanta ( u n i t s  
o f  l i g h t  energy) out of t h e  many hundreds of  thousands which began t h e i r  journey 
through space from t h e  :elescoFe w i l l  r e tu rn  t o  t h e  o r i g i n .  

After reaching t h e  atmosphere of t h e  

Passing through the o p t i c a l  system o f  t h e  te lescope ,  they s i l l  reach t h e  

In terms of i t s  p r i n c i p l e  of  opera t ion  t h i s  device can 
ocular ,  uhere a r ece ive r  is  mounted (photomult ipl ier)  Kith a system f o r  recording 
t h e  r e f l e c t e d  s igna l .  
be compared with an avalanche which is caused by a small p e l l e t  o f  snow r o l l i n g  
down from t h e  top  o f  a mountain s l o p e .  

The r o l e  of  t h e  small p e l l e t  of  snGw is played by a qilantum o f  l i g h t  
S t r i k i n g  t h e  photoe lec t ronic  screen,  made of metal, which e a s i l y  lo ses  energy. 

i t s  e l ec t rons ,  it knocks an e lec t ron  out  o f  i t  which is  captured by t h e  electrical  
f i e l d  produced between t h e  p l a t e s ,  acce le ra ted  and f i n a l l y  s t r i k i n g  t h e  next 
p l a t e  a t  t h e  end of i ts  t r a v e l .  
o f  t h e  quantum o f  l i g h t ,  it ptoduces not  one but  two or even t h r e e  e l ec t rons .  

e lec t ron ,  from p l a t e  t o  p l a t e ,  and f i n a l l y  they s t r ike t h e  last  p l a t e ,  and an 
avalanche of  e l ec t rons  f loods t h e  pulse  counter .  Thus, t h e  s i g n a l  is amplif ied 
hundreds o f  thousands cf mil l ions  of times. 
( tha t  which we are wai t ing f o r )  t h e i r  ground apparatus  can pick up l i g h t  
noise  which i s  a l s o  amplif ied and c rea t e s  s t rong  in t e r f e rence .  
necessary t o  t a k e  i n t o  account t h a t  not every quantum causes t h e  production o f  
an e lec t ron .  
considerable s k i !  
a highly s e n s i t i v e  rece iv ing  and recording instrument .  

But s ince  i t s  energy is much g r e a t e r  than t h a t  

These e lec t rons  cont ince t h e i r  journey, s i m i l a r l y  t o  t h e  path of t h e  f i rs t  - /71 

Together w i t h  t h e  usefu l  s igna l  

I t  is t he re fo re  

Th-refore t h e  Derformance of t h i s  d e l i c a t e  experiment r equ i r e s  
on t h e  p a r t  o f  t h e  experimenters,  a powerful r a d i a t o r  and 

The quantum has f in i shed  i t s  journey. The s t a r t i n g  time and f i n i s h i n g  time 
have been recorded with high accuracy. 
i n  cent imeters ,  so t h a t  t h e  d i s t ance  t o  t h e  Moon can be measured with an 
accuracy up t o  1 cm. But t h e  only  problem is t h a t  t h e  r e f l e c t e d  s igna l  is 
"blurred" because of  i t s  weakness and because o f  t h e  mise.  
accuracy o f  t h e  measurements is somewhat worse (from t e n s  of  cent imeters  t o  
severa l  meters) .  
movement of  t h e  Moon which e x i s t  a t  t h e  present  time are based on t h e  laws of 
universal  g rav i t a t ion  of  Newton and on goniometric measurements, and have an 
accuracy on t h e  o rde r  of hundreds of meters, it becomes clear t h a t  t h e  new 
method o f  laser loca t ion ,  even i n  i t s  present  form, makes it pc s i b l e  t o  ca r ry  
out as t romet r ic  measurements o f  t h e  bas i c  parameters of t h e  Earth and Moon which 
a r e  ten  t o  one hundred times more accura te .  

The wavele..gth o f  t h e  l a s e r  is measured 

In add i t ion ,  t h e  

But i f  we t a k e  i n t o  account t h a t  t h e  methods o f  ca l cu la t ing  t h e  

The method of laser loca t ion  ut ;s it poss ib le  tc inves t ig2 te  i n  d e t a i l  t h e  
process of  t h e  r o t a t i o n  of t h ?  Mnw a.-cund i ts  own 
making i t  poss ib le  to  penet ra te  t h e  secrets of  i t s  in t e rna l  s t r u c t u r e .  

axis as se l l  as i ts  l i b e r a t i o n ,  
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i t  may be expected t h a t  t h e  method of laser loca t ion  w i l l  be used in  t h e  
ncar  f u t u r e  f o r  sttidying t h e  movements o f  cosmic objeLts  ( f o r  example, l una r  
s a t e l l i t e s ) ,  t r h j e c t o r y  measurements, and f o r  l oca t ing  nearby p l ane t s .  

Laser loca t ion  w i l l  a l s o  make i t  poss ib le  t o  so lve  a number o f  important 
p a r t i c u t a r l y  terrestrial  problems having t o  do with p r e c i s e  geodet ic  measure- 
ments, and t o  proceed on t h i s  b a s i s  t o  inves t iga t e  and so lve  t h e  fundamental 
problen,  t h e  one which is most i n t e r e s t i n g  f o r  geo log i s t s  - is t h e r e  such a 
t h ing  as cont inenta l  d r i f t  and movement o f  t h e  poles  of t h e  Earth.  

The experiment which was designed j o i n t l y  by t h e  s c i e n t i s t s  o f  t h e  two 
I t  represents  a g rea t  s t e p  forward i n  coun t r i e s  was extremely i n t e r e s t i n g .  

t h e  development o f  new l a s e r - l x a t i o n  methods. The r e s u l t s  o f  t h e  j o i n t  
experiment w i l l  be  used i n  new research ,  and t h e  experience gained from working 
toge the r  w i l l  serve as a means of s t rengthening  t h e  cooperat ion between t h e  
s c i e n t i s t s  of t h e  USSR and France and i n  t h e  f i n a l  ana lys i s  w i l l  f u r t h e r  peace 
on ou r  p lane t .  

In add i t ion  t o  t h e  apparatus  which we rientioned above, t h e  "Lunokhod" is 
f i t t e d  with d number o f  temperature sensors  mounted both i n s i d e  t h e  hermet ica l ly  
sea led  housing of t h e  "Lunokhod" and on i t s  exposed su r faces ,  on t h e  top  o f  t h e  
"Lunokhod" where t h e  s o l a r  b a t t e r i e s  are loca ted ,  on t h e  hubs of t h e  wheels, 
on t h e  telephotometers,  on t h e  aper tures -objec t ives  o f  t h e  caneras of t h e  small- 
- s c a l e  t e l e v i s i o n  system and i n  many o t h e r  a reas .  

- /72 

In addi t ion  t o  determining t h e  temperature condi t ions  on t h e  lunar  su r face  
during t h e  lunar  morning, day, evening and n igh t ,  is t n e  shadow and i n  t h e  
sun l igh t ,  which are o f  tremendous s c i e n t i f i c  i n t e r e s t  i n  themselves, t hese  
ineasureffients are very  necessaiy t o  t h e  des igners  o f  f u t u r e  lunokhods and 
t h e i r  systems. 

In add i t ion ,  without t h e  temperature sensors  t h a t  go t o  make up t h e  systems 
o f  temperature r egu la t ion  and those  mounted i n s i d e  t h e  hermet ica l ly  sea l ed  

necessary temperature condi t ions  i n s i d e  t h e  "Lunokhod". A 1  1 o f  t h e  "Lunokhod" 
s y s t e m  mst pass an exc i ina t ion  under harsh lunar  condi t ions .  
"Lunokhod" must withstand temperatures from +130° Cels ius  t o  -160' Ce l s ius  and 
must no t  on ly  withstand them but  must be  a b l e  t o  func t ion  under these  condi- 
t i o n s .  
t i n  "contracts"  t i n  d isease .  

housing on var ious heat-emit t ing devices ,  it would be impossible t a  provide t h e  I 

On t h e  Moon t h e  

A t  a temperature o f  -40 t o  -50' Cels ius ,  steel becomes b r i t t l e  and 

Some Other  Systems That Cannot be Done Without 

The temperature condi t ions  i n  t h e  hermet ica l ly  sea led  compartment and on 
var ious su r faces  of  t h e  "Lunokhod" s t x c t u r e  is yontrol led by a combination o f  
two methods of temperature r egu la t ion  - a c t i v e  and pass ive .  

Passive regula t ion  i s  accomplished through thermal in su ia t ion  and covering 
su r faces  t h a t  are not  pro tec ted  by thermal in su la t ion  by pa in t  with c e r t a i n  
o p t i c a l  c o e f f i c i e n t s .  
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Active regula t ion  is  accomplished through a gas system f o r  temperature 
regula t ion  which con t ro l s  t h e  temperature i n  t h e  hermet ica l ly  sealed compart- 
ment within limits from 0" Cels ius  t o  40" Celsius. 
cons i s t s  of  t h e  following: 

The a c t i v e  regula t ion  system 

A co ld  c i r c u i t  cons i s t ing  o f  a r ad ia to r - coo le r ,  which r a d i a t e s  heat  i n t o  

The r a d i a t o r  i s  mounted on t h e  roof of t h e  sea led  com- 
s?ace, and four  evaporators ,  heat exchangers, i n  which gas  is cooled through t h e  
evaporation of  water. 
partment and t h e  heat  exchangers are mounted on pipes  which run from t h e  r a d i a t o r  
t o  the  f i e l d  compartment and provide addi t iona l  cooling of  t h e  gas during per iods 
t h a t  r equ i r e  considerable  output of  heat  (prolonged movement when t h e  Sun i s  h igh ) .  
The cold c i r c u i t  provides normal funct ioning of  t he  apparatus ,  as a r u l e ,  during 
t h e  lunar  day. 

The hot  c i r c u i t ,  which cons i s t s  of  an i s o t o p i c  heat  source with a heat  
/ 73 exchanger. What i s  an i s o t o p i c  heat source? How does it work? A grea t  deal  - 

o f  energy is contained i n  t h e  atom. Man has penetrated t h e  s e c r e t s  of  nuc lear  
processes  and has begun t o  use atomic energy. 
accompanied by t h e  l i b e r a t i o n  o f  heat  and t h e  only quest ion is  how rap id ly  t h e  
heat  is  l i be ra t ed  and whether i t  can be used. 

Any thermonuclear r eac t ion  is 

Natural ly ,  t h e  heat  which is emit ted as t h e  r e s u l t  of a thermonuclear 
explosion cannot be used f o r  peaceful purposes, 5u t  t h e  energy from rad ioac t ive  
i so topes ,  which give o f f  a lpha and b e t a  p a r t i c l e s  and gamma quanta a s  they decay 
can be used f o r  obtaining thermal ,nd e l e c t r i c a l  energy. 

I t  is not very d i f f i c u l t  t o  f i n d  some pro tec t ion  aga ins t  t h e  r ad ia t ion  i n  
t h i s  case, because we know f o r  example, t h a t  alpha p a r t i c l e s  from t h e  i so topes  
polonium-210, plutonium-238, curium-242, e t c .  are helium nuc le i  which have a 
low penet ra t ing  power and can pene t r a t e  only a few microns when t n e y  s t r ike a 
metal ( t h e  housing i n  which t h e  i so tope  i s  contained) and are the re fo re  completely 
stopped. 
mass of t h e  i so tope  i tself .  

The energy from t h e  decay process  is  thus  converted i n t o  heat  i n  t h e  

I 

Taking i n t o  account t h a t  t h e  process  of  decay of  a r ad ioac t ive  i so tope  is 
going i n  continuously and lasts f o r  c e r t a i n  per iods of time, we can s e l e c t  a 
p a r t i c u l a r  i so tope  and a s p e c i f i c  amount o f  it which is  necessary t o  obta in  a 
c e r t a i n  amount of heat f o r  a c e r t a i n  per iod o f  time. 

Thus, f o r  example, polonium-210 has a r e l a t i v e l y  sho r t  h a l f - l i f e ,  138 days.  
During t h i s  per iod of  time it  g ives  o f f  up t o  40-509s of  t h e  energy s to red  i n  it 
during i t s  formation i n  an atomic r eac to r .  
approximately 90 years .  
use i n  systems with very long opera t ing  cycles  o r  f o r  repeated use.  

Flutoni~un-238 has a h a l f - l i f e  o f  
Natura l ly ,  such an i so tope  would be advisable  f o r  

Aboard t h e  "Lunokhod-1" t h e  ampoule f o r  t h e  i so tope  and t h e  heat  excha3ger 
i n  which it is located a r e  made of  a heat  r e s i s t a n t  material which makes it 
poss ib le  t o  obta in  thermal energy a t  high temperature l e v e l s ,  thus  allowing t h e  
un i t  t o  be small i n  size, hermetical ly  sealed and s t rong.  
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During t h e  lunar  n i g h t ,  when t h e  temperature on t h e  su r face  of  t h e  Moon 
reaches -160' Cels ius ,  and t h e  temperature in s ide  t h e  sea l ed  conta iner  o f  t h e  
"Lunokhod" reaches t h e  lowest permiss ib le  l e v e l ,  automatic systems shut  o f f  t h e  
l i n e s  running t o  t h e  co ld  c i r c u i t  and d i r e c t  t h e  gas i n t o  t h e  hot c i r c u i t  t h a t  
leads t o  t h e  hea t  exchanger. 
changer picks up heat  and carries it i n t o  t h e  f i e l d  compartment. In t h i s  way, 
normal temperature condi t ions  are produced i n s i d e  t h e  f i e l d  compartment during 
t h e  luna r  n igh t .  During t h e  lunar  day t h e  heat  is  r ad ia t ed  i n t o  space through 
t h e  o u t e r  walls o f  t h e  hea t  exchanger. 

The gas soving along t h e  walls o f  t h e  hea t  ex- 

Systems of b a f f l e s  and e l e c t r i c a l  f ans  enable  t h e  gas  t o  move i n s i d e  the 
/ 74 compartment t o  t h e  heat  exchangers i n  t h e  required d i r e c t i o n  as a func t ion  o f  - 

t h e  temperature condi t ions  i n s i d e  t h e  f i e l d  compartment. 

Natura l ly ,  t h e  func t ion  o f  any system o f  t h e  "Lunokhod" is unthinkable  
without t h e  r e l i a b l e  and proper func t ioning  o f  t h e  e l e c t r i c a l  supply system. 

This system, as we a l ready  know, c o n s i s t s  of  s o l a r  b a t t e r i e s  mounted on t h e  
open l i d  o f  t h e  "Lunokhod"; t h e  chemical power sources are s to rage  b a t t e r i e s  
which s t o r e  t h e  electrical  energy f r o m  t h e  s o l a r  b a t t e r i e s ;  t h e r e  a r e  a l s o  
d i s t r i b u t i n g  and convert ing devices  a s  well as networks of  cables .  

The s o l a r  S a t t e r y  ( l i d )  ca3 be opt..red t o  d i f f e r e n t  angles  by Feans of an 
e l e c t r i c  motor so t h a t  t h e  most favo- & e  condi t ions  w i l l  be c rea ted  f o r  
ob ta in ing  electrical energy. 
respect  t o  a l i n e  drawn from it t o  t h e  Sun. 
panels  c l o s e  down t i g h t l y  aga ins t  t h e  top  o f  t h e  hermetical l ,  sea led  compart- 
ment and obta in  t h e  necessary heat  from i t .  

The p o s i t i o n  o f  t h e  plane o f  t h e  l i d  is 90' K i t h  
During t h e  lunar  n igh t ,  t h e  s o l a r  

A s  t h e  r e s u l t ,  t h e  elements of t h e  s o l a r  b a t t e r y  are pro tec ted  by thermal 
in su la t ion  mounted on t h e  ou te r  su r f ace  o f  t h e  l i d ;  i n s i d e  t h e  f i e l d  compartment, 
t h e  nec tssary  temperature condi t ions are maintained. 

With t h e  coming o f  lunar  morning at  t h e  loca t ion  o f  t h e  "Lunokhod", t h e  
l i d  containing t h e  s o l a r  b a t t e r i e s  can be opened e i t h e r  automatical ly  i n  
response t o  a s igna l  from a sun sensor  or on command from Earth.  

The s o l a r  b a t t e r y  provides t h e  e lectr ical  power f o r  t h e  e n t i r e  s t a t i o n  
( landing platform and "Lunokhod") during f l i g h t  from Earth t o  t h e  Moon and 
during t h e  f l i g h t  i n  o r b i t  as an a r t i f i c i a l  s a t e l l i t e  of t h e  Moon. 

Where Are t h e  S i m i l a r i t i e s  and Where Are t h e  Differences? 

In t h c  block house, t h e  technic ians  are f i n i s h i n g  t h e i r  tests and prepara-  
t i o n s  f o r  t h e  launching of t h e  "Luna-17". 

Let us have a c l o s e  look a t  it. I t  i s  very similar t o  i ts  predecessor ,  
t h e  "Luna-16" s t a t i o n .  Thei r  landing platforms a r e  similar, and t h a t  is no 
accident .  
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In approaching the task of designing a new generation of stations in the 
"Luna" series, the engineers i designers were faced with the task of building 
a unified landing stage, a lunar module which could be used for transporting 
different kinds of instruments to the Moon intended for carrying out a wide 
variety of research programs. 

As we already know, they dealt successfully with this problem. The differ- 
ence between the landing platforms of the "Luna-17" and "Luna-16" stations 
consists in the presence of ramps and the lack of a second instrument package 
and soil collecting apparatus. 

Two ramps mounted on the landing stage of the "Luna-16" station each 
consist of three parts - a center section mounted to the landing platform in a 

the flightj and two tilting sections, front and rear. The tilting parts of the 
ramp consist of two sections hinged together. 
landing platform. 

/ 75 rigid fashion (it serves as a support for the wheels of the "Lunokhod" during - 
They are also hinged to the 

During the flight they are held by clamps in a folded vertical position. 
After the landing, on command from Earth, the ramps Ere freed from the clamps 
and unfolded by springs so that they extend down to the lunar soil. 

On the external lateral surfaces of each ramp are welts which do not allow 
the l'Lunokhodl' to slip sideways as it descends from the landing platform. 

The designers spent alot of trouble in working out these mechanical devices, 
which look so simple at first glance, especially during the adjustments and 
tests. 

Again and again the same questions were answered: weight, strength and 
reliability. 

But each time the solution was new and completely unexpected. 

Our introduction to the "Lunokhod" is at an end. 

The electrical tests of the "Lunokhod" have been completed and the landing 
platform is in its operating position. 

The "Lunokhod" and the platform are covered by shielding and vacuum in- 
sulation which protects them againsr the cold of space and the incinerating 
rays of the Sun. 

After this operation, the "Lunokhod" together with the landing platform 
is mounted on the carrier rocket whish has also been subjected to all manner 
of tests beforehand. 

- / 76 

After putting the nose section on the rocket, the rocket assembly was 
brought to the launching site and connected to the launching mechanism. 
service gantry was brought up. 

The 
The prelaunch testing and electrical connection 
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On the Way to the Moon Again 

On 10 October 1970, at 1744 Moscow time, the Kazakh soil saw the launching 
of the "Luna-17'' automatic station toward the Moon, carrying the automatic 
self-propelled device called the "Lunokhod-I". 

Why was the rocket launched on 10 October and not on the 12th or the ZOth? 

We can only answer this question if we know the purpose of the flight, the 
laws of ballistics and celestial mechanics, as well as the engineering capacity 
of the automatic station systems. 

In order to select the most favorable date for launching the "Luna-17" 
station, it was necessary to take two conditions into account. The first 
conditioq (or as it is called, limitation) has to do with the fact that three 
heavenly bodies (the Moon, the Earth, the Sun) are continually changing their 
positions in space. 
it is necessary to know exactly the specific and most favorable angular positions 
of the Earth and the Sun, since the orientation of the station in space is 
accomplished as a function of these luminaries. 
system has structural angular limitations. 

In order for the onboard astroorientation systems to work, - /77 

In addition, the orientatjon 

The second limitation is imposed by the diurnal rotation of the Earth, 
depriving us of the possibility of following the flight of the station by 
means of terrestrial radio instruments located in the territory of the Soviet 
Union. 

Consequently, it is necessary to select flight conditions such that these 
interruptions in communications will be minimal. 

Taking these limitations into account, as well as the laws of motion and 
attraction of the Sun, Earth and Moon and the most favorable positions of the 
Sun, Earth w.d Moon for the launch from the standpoint of optimum energy 
expenditure, high speed computers were used to calculate the time intervals in 
all months ("windows") which were favorable for the launching and the flight 
to the Moon. 

But this is only a portion of the problem. The final goal of our flight 
is a soft landing in a specified region of the Moon at a specific time. 

As we already know, a landing in a specified area can be made precisely 
only from a certain lunar orbit, i.e., the orbit must have a certain angle of 
inclination to the lunar equator, a specific apolune and perilune and the 
return package must have a specific position in orbit. 
orbit it is necessary to have correction sessions, and the correction session 
must be preceded by an orientation session, but the orientation, as we have already 
said, can only be carried out within a certain range of angles between the 
Earth and the Sun (the difficulty here lies in the fact that the terrestrial 
optical instrument of the astroorientation system cannot "untangle" the Earth 
from the Moon, inasmuch as the brightness of the Moon due to its proximity 
becomes equal to that of the Earth). 

In order to create this 

To this must be added the limitation with 
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respec t  t o  r a d i o v i s i b i l i t y  of  t h e  s t a t i o n  during i t s  time i n  o r b i t  due t o  i t s  
rad io  blackout behind t h e  Moon and t h e  d a i l y  loca t ion  of t h e  Earth.  

But t h i s  is s t i l l  not a l l .  There a r e  l imi t a t ions  as  f a r  as t h e  supply 
of t h e  fue l  aboard t h e  s t a t i o n  i s  concerned, necessary f o r  braking t h e  s t a t i o n  
as it is inse r t ed  i n t o  o r b i t  as a lunar  s a t e l l i t e ,  f o r  carrying out  cor rec t ions  
i n  e s t ab l i sh ing  t h e  o r b i t ,  f o r  braking during descent of t h e  s t a t i o n  from 
o r b i t  and during landing, and a l s o  l imi t a t ions  on the  luminance and radio-  
v i s i b i l i t y  of  t h e  s t a t i o n  a t  t h e  landing s i te .  
first o f  a l l  t o  see where one is going t o  move t o  and secondly i t  is  necessary 
t o  have energy (as provided by t h e  s o l a r  ba t t e ry )  and t h i r d l y  it is necessary 
t o  have " rad iov i s ib i l i t y"  f o r  cont ro l .  

In order  t o  move it is necessary 

Having determiiied t h e  zones o f  a l l  of  t h e  l i m i t a t i o n s  mentioned above, 
one can proceed t o  so lve  t h e  bas i c  problem. 

Given t h e  l i m i t i n g  values of  t h e  parameters on t h e  "lunar", f i n a l  por t ion  
of t h e  t r a j e c t o r y ,  t h e  bas i c  c h a r a c t e r i s t i c s  are ca lcu la ted  (launch time, 
energy, e t c . )  for t h e  "terrestrial" i n i t i a l  por t ion  of  t h e  t r a j e c t o r y .  But t h e  - /78 
i n i t i a l  por t ion  of t h e  t r a j e c t o r y  - t h e  "launch window" - has already been 
determined and i f  we do not go through t h i s  "window" i n  solving t h e  boundary 
problem t h e  ca l cu la t ions  must be repeated.  
o f  t h e  f i n a l  por t ion  of  t h e  t r a j e c t o r y  within t h e  permissible  limits u n t i l  t h e  
so lu t ion  is found. 

This involves  varying t h e  parameters 

I t  would be impossible t o  ca r ry  out  t hese  ted ious  ca l cu la t ions  i n  t h e  
sho r t  per iods o f  time ava i l ab le  without modern high speed means c f  computer 
technology and without ind iv idua ls  who are completely i n  command of  them. 

The r e l i a b i l i t y  and s k i l l  o f  t h e  work produced a t  t h e  computer cen te r ,  
t h e  opera t iona l  and r e l i a b l e  funct ioning of the  methods of t r a j e c t o r y  measure- 
ment o r ,  as they say,  t h e  b a l l i s t i c  guarantee,  l a rge ly  determine t h e  successfu l  
so lu t ion  of t h e  space problem. 

I 
Each f l i g h t  t o  t h e  Moon i s  simultaneously a new and an o l d  t r i p .  I t  i s  a 

new trir because every time a new problem is solved using new methods c d  i t  is  
an o ld  t r i p  because t h i s  i s  t h e  road from t h e  Earth t o  t h e  Moon t o  which man 
has already begun t o  become accustomed. 
r o l e  and the re  i s  a g rea t  deal  of  hard work on t h e  p a r t  of many thousands of 
people behind t h e  laconic  l i n e s  found i n  Tass r epor t s  about t h e  f l i g h t s  of  t h e  
s t a t i o n s !  

But t h i s  is a tough and d i f f i c u l t  

During t h e  f l i g h t  of t h e  "Luna-17" s t a t i o n  on i t s  way from t h e  E a r t h  t o  
t h e  Moon, 36 rad io  communication se s s ions  were he ld ,  during which t h e  t r a j e c t o r y  
parameters i nd ica t ing  t h e  movement of t h e  s t a t i o n  were measured and t h e  t e l e -  
met r ic  information concerning t h e  func t ion  of onboard systems was co l i ec t ed .  

The t r a j e c t o r y  measurements by means of  e l ec t ron ic  devices were conducted 
on t h e  11th and 12th o f  November by means of  op t ica l -photo te lev is ion  apparatus 
mounted on t h e  high a l t i t u d e  observatory o f  t he  Astronomical I n s t i t u t e  imeni 
Shternberg i n  Za i l i y sk iy  Alatau ( near  Alma-Ata) at  t h e  Shemakhin Astrophysical 
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Observatory on Mount P i r k u l i  and a t  t h e  Observatory o f  t h e  I n s t i t u t e  of Astro- 
physics of t h e  Academy o f  Sciences of t h e  Tadthik SSR i n  Dushanbe. 
-he s t a t i o n  was 200 t o  240,000 ki lometers  d i s t a n t  from Earth and could be seen 
a s  an ob jec t  of twe l f th  s t e l l a r  magnitude. 

A t  t h i s  time, 

In order  t o  ensure t h a t  t h e  s t a t i o n  would e n t e r  t h e  spec i f i ed  region of 
space near  t h e  Moon, on t h e  12th and 14th o f  November two co r rec t ion  sess ions  
t o  ad jus t  t h e  t r z j e c t o r y  were held.  

During t h e  approach t o  t h e  Moon, a braking sess ion  was he ld  t o  s h i f t  t h e  
s t a t i o n  i n t o  o r b i t  around t h e  Moon. 

The co r rec t ion  and braking sess ions  were preceded by a s t r o o r i e n t a t i o n  
sess ions  Ju r ing  which t h e  s t a t i o n  d u t i f u l l y  sought out luminaries ,  t h e  Sun and 
t h e  Eartr, c a r r i e d  out  programmed t u r n s  r e l a t i v e  t o  t h e  re ference  systems of  
coord ina tes ,  remained i n  t h i s  pos i t i on  as t h e  correct ing-braking motor assembly 
operated,  rmd returned t o  i t s  o r i g i n a l  f l i g h t  a t t i t u d e .  

%r ing  t h e  f l i g h t  from t h e  Earth t o  t h e  Moon t h e  onboard automatic devices  
a l s o  con t ro l l ed  t h e  opening and c los ing  of  t b s  s o l a r  b a t t e r y  pane ls  o f  t h e  
"Lunokhod-1" and i t s  o r i e n t a t i o n  with respec t  t o  t h e  Sun i n  o rde r  t o  rep lace  
t h e  suppl ies  o f  electrical  energy i n  t h e  s to rage  b a t t e r i e s .  
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A s  a r e s u l t  o f  t h e  braking se s s ion  conducted on t h e  15th of  November, t h e  
"Luna-17" s t a t i o n  en tered  se l enocen t r i c  o r b i t  k i t h  t h e  following parameters:  
a l t i t u d e  above t h e  su r face  o f  t h e  Moon - 85 ki lometers ;  

- i n c l i n a t i o n  of  t h e  o r b i t  t o  t h e  p lane  o f  t h e  lunar  equator  - 140'; 

- period of r o t a t i o n  around t h e  Moon - 1 hour 56 minutes. 

A new and important s t a g e  i n  t h e  f l i g h t  o f  t h e  s t a t i o n  had come. I t  was 
necessary by car ry ing  out  ca re fu l  t r a j e c t o r y  measurements t o  e s t a b l i s h  t h e  
p rec i se  values  of t h e  o r b i t a l  parameters of  t h e  s t a t i o n ,  by car ry ing  out  
ca l cu la t ions  for making co r rec t ions  i n  o rde r  t o  develop an o r b i t  for landing. 

A t  t h i s  time, t h e  ope ra to r s ,  engineers  and mathematicians worked under 
g rea t  stress a t  t h e  coordination-computer c e n t e r  and a t  t h e  measurement s t a t i o n s .  
The o r i g i n a l  d a t a  f o r  t h e  maneuver were obtained.  They were t ransmi t ted  over  
rad io  l i nks  i n  t h e  form o f  codograms t o  t h e  s t a t i o n  and t o  t h e  memory devices  
i n  t h e  cont ro l  system. On t h e  16th of Novembe:?, a s  t h e  r e s u l t  o f  a successful  
accomplishment of  t h e  maneuver, t h e  s t a t i o n  s h i f t e d  from a c i r c u l a r  o r b i t  t o  
an e l l i p t i c a l  one. 
meters of  t h e  new se l enocen t r i c  o r b i t  were c l o s e  t o  t h e  ca l cu la t ed  ones,  so t h a t  
t h e  value for pe r i lune  (minimum d i s t ance  from t h e  sur face)  was 19 ki lometers .  

As t h e  subsequent t r a j e c t o r y  measurements showed, t h e  para- 

- /80 

The f l i g h t  of t h e  s t a t i o n  w a s  nea r ly  complete. The onboard and ground 
r ad io  systems were opera t ing  a t  f u l l  capac i ty  during t h e  b r i e f  "windows" of 
r a d i o v i s i b i l i t y ,  picking up t e l eme t r i c  information from onboard s t a t i o n s  con- 
cerning t h e  func t ion  of t h e  systems and t r ansmi t t i ng  t h e  landing program t o  t h e  
craft .  
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of t h e  lunar  su r face ,  determined t h e  mecharlLa1 p rope r t i e s  of t h e  s o i l  a t  
severa l  po in ts  and used i t s  x-ray te lescope  t o  measure t h e  background of ex t r a -  
g a l a c t i c  x-radiat ion.  

One after t h e  o the r ,  t h e  s c i e n t i f i c  instruments  and systems went ta work 
doing t h e i r  research.  

The t h i r d  day o f  t h e  s t a y  on t h e  Moon began. The zorle of  r a d i o v i s i b i l i t y  
had come i n t o  view. 
again t h e  "Lunokhod" lurched i n t o  motion, t r a v e l i n g  across  small craters, going 
around s t e e p  s lopes  and obs t ac l e s ,  heading south.  
covered, less than yesterday.  But some valuable  research  had been done, t h e  
chemical composition of t h e  so i l  m d  its mechanical p rope r t i e s  had been 
ascer ta ined .  These experiments can only  be  c a r r i e d  out  while t h e  mdchine is 
s tanding s t i l l ,  so t h a t  t h e  first of t hese  experiments took considelable  time. 

The crew t o o k  t h e i r  p laces  at  t h e  cont ro l  panels .  And 

Eighty-two meters were 

When t h e  next  communication se s s ion  was over ,  what would be next on t h e  
A t  a meeting of t h e  ope ra to r  group, it was suggested t o  s t a r t  g e t t i n g  schedule? 

t h e  "Lunokhod" ready f o r  t h e  lunar  n igh t .  
t h e  "life" of t h e  automatic apparatus .  
lunar  day with f l y i n g  co lors ;  hou would it deal  with t h e  "cold" lur?ar n ight?  

This  was a new and se r ious  s t e p  i n  
I t  had passed t h e  test of t h e  "hot" 

How was. it prepared f o r  t h e  n igh t?  

The following had t o  be done: 

/ 86 t h e  chemical power supp l i e s  had t o  be f u l l y  charged; -- 

a f la t  p lace  f o r  parking had to  be  found. 

The "Lunokhod" t-ad to  be parked at t h e  se l ec t ed  area i n  such a way t h a t ,  
f i r s t  of a l l ,  t h e  laser reflector would be o r i en ted  toward t h e  Earth and secondly 

b a t t e r i e s  without i n t e r f e rence  and charge t h e  chemical power sources .  
t h a t  when t h e  Sun rose i n  t h e  luna r  morning i t s  rays  would s t r ike  t h e  s o l a r  I 

The l i d  o f  t h e  "Lunokhod" would have t o  be c losed ,  with t h e  s o l a r  b a t t e r y  
on t h e  ins ide ;  

i n  order t a  save t h e  electrical energy supp l i e s ,  a l l  systems of t h e  
"Lunokhod" would be shut  down except fo r  the  standby system - t h e  rad io  receiver 
and t h e  temperature r egu la t ing  system. 

On 21 and 22 November, dur ing  t h e  raaio communication se s s ions ,  a l l  o f  t h e  
above opera t ions  were c s r r i e d  out  and as t h e  n ight  of t h e  24th November came on 
t h e  "Lcnokhod'' went t o  "sleep" i n  Mare Imbrjum. For f i v e  days t h e  f irst  auto- 
matic se l f -propcl led  research vehic le  had been a c t i v e l y  a t  work cn t h e  s r f a c e  
of t..e Moon. 
of t h e  "Lunokhod" and a l l  of i t s  onboard systems. 

P a r t i c u l a r  emphacis had been placed an t e s t i n g  t h e  d r i v e  system 
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The "Lunokhod" had demonstrated good maneuverability, good handling and 
good functional characteristics. 

During the driving tests a method had been developed for driving the auto- 
matic device on command from Earth by means of television and telephotometric 
images of the lunar surface. 

The "Lunokhod" had covered a distance of 197 meters in the course of its 
tr,;els. 

The television and telephotometric images of the lunar surface that were 
received during the ten communication sessions were of good quality. On the 
basis of these pictures, one could get an idea of the characteristics of the 
structure and form of the lunar surface along the route covered by the 
"Lunokhod", the relief and the lunar landscape as well as the results of the 
contact between the wheels of the chzssis and the groun*. 

The experiments that had been performed confirmed the correctness of the 
technical solutions that had been adopted in des.&ning, bililding and developing 
the individual systems and the "Lunokhod" as a Khole. 

At the same time that the drive mechanisms and systems of the automatic 
device were being tested, complicated scientific investigations involving a 
study of lunar physics and space were carried out. 
the penetrating radiation was measured and the radiation situation on the sur- 
face of the Moon was checked. 
particles, cosmic radiation, and angular distribution of low-energy protons 
were all recorded. 

By means of a radiometer, 

The fluxes of protms, electrons and a l p h  

The x-ray telescope measured the intensity 2nd angular distribution of the 
x-rays of extragalactic background and the radiations from individual sources. 

The first mcasurements of the intensity of galactic cosmic rays, carried 
out by the "LunoEc\od" on the surface of the Moon, showed that their intensity 
decreased approximately 60% in comparison with the value recorded during the 
flight. 
At the same time, this fact confirms the conclusions that were made as the 
result of the flights of the "Luna-9'' and "Lbna-13" stations, regarding the 
low radioac+ivity of the surface of the Moon. 

This phenomenon may be explained by the shielding effect of the Moon. 

During the period from the 17th to the 20th of November all of the de- 
tectors of the radioneter, mounted on the "Lunokhod", suddenly indicated an 
increase in the number of solar protons, electrons and alpha particles. At 
the same time, this phenomenon was picked up by the apparatus mounted on the 
"Venera-7" station which was about 30 million kilometers distant from "Lunokhod- 
-1 

I 

/ 8 7  

As an analysis revealed, this was caused by a solar flare on 13 November 
1970. 
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I t  must be pointed out  t h a t  from t h e  very beginning of  t h e  f l i g h t  of t h e  
"Luna-17" t h e  f luxes  of  protons with energies  i n  t h e  1-5 mi l l i on  e l ec t ron  v o l t  
range were recorded, which are considerably g r e a t e r  than t h e  average background 
f luxes  of these  p a r t i c l e s  i n  in t e rp l ane ta ry  space.  
decreased during t h e  e n t i r e  per iod of  t h e  f l i g h t  toward t h e  Moon, by a f a c t o r  
o f  approximately 5. 
t h e r e  were small v a r i a t i o n s  i n  t h e  protons of g a l a c t i c  cosmic r a d i a t i o n  with 
energ ies  exceeding 30 mil l ion  e l e c t r o n  v o l t s .  

Thei r  i n t e n s i t y  slowly 

A t  t h e  same time, t h e  normal l eve l  was determined and 

Analyzing these  two phenomena, s c i e n t i s t s  concluded t h a t  they h td  recorded 
t h e  last  phase o f  t h e  decrease i n  i n t e n s i t y  o f  s o l a r  protons following t h e  end 
of a l a rge  flare on t h e  Sun t h a t  had occurred on 5 November 1970. 

Along var ious  segments o f  t h e  path s t u d i e s  had been made of t h e  mechaiical  
p rope r t i e s  of t h e  lunar  s o i l  and tF 
l aye r  of t h e  bedrock had been dete;mined. 

chemical composition o f  t h e  su r face  

On t h e  b a s i s  of te lephotometr ic  and t e l e v i s i o n  p i c t u r e s  of t h e  lunar  
su r face ,  and also on t h e  basis of t h e  ind ica t ions  of onboard navigat ion devices  
and t h e  ca l cu la t ions  of t h e  naviga tor ,  t h e  first l a r g e  scale topographic cha r t  
was p l o t t e d  along t h e  path covered by t h e  "Lunokhod". 

The program of research for t h e  first lunar  day had been completely c a r r i e d  
out .  

During t h e  luna r  n igh t ,  which l a s t e d  f r o m  24 November t o  8 December 1970, 
two rad io  communication se s s ions  with t h e  "Lunokhod" were held.  The d a t a  on 
telemetric information confirmed t h a t  all systems of t h e  "Lunokhod" were i n  
wocking condi t ion ,  and t h e  pressure  and temperature i n  t h e  hermet ica l ly  sea led  
compartment were wi th in  t h e  spec i f i ed  limits - apprQxiniately 760 mm mercury and 
16' Cels ius  when t h e  temperature on t h e  su r face  of t h e  Moon was below -150' 
Cels ius .  

On t h e  5 th  and 6 t h  of December, as t h e  morning te rmina tor  approached t h e  
area where t h e  "Lunakhod" was standing,  and when it  was poss ib l e  t o  aim t h e  
te lescope  accu ra t e ly  on t h e  b a s i s  o f  t h e  v i s u a l  c h a r a c t e r i s t i c s  of t h e  
lunar  formations,  experiments with laser loca t ion  were performed. The ground 
apparatus  a t  t h e  Crimean Astrophysical Observatory of t h e  Academy o f  Sciences 

from t h e  laser reflector mounted on t h e  "Lunokhod" which, as we have a l ready  
mentioned, was b u i l t  by French s p e c i a l i s t s .  

/88 o f  t h e  USSR w a s  aimed at  t h e  Moon and c l e a r l y  r e f l e c t e d  signa!s were recorded - 

A similar experiment was c a r r i e d  out  by French scientists a t  t h e  Pic du 
Midi Observatory. 

Day Two 

On t h e  9 t h  -f December 1970, af ter  t h e  "Lunokhod" had "warred up" i n  t h e  
rays  of t h e  r i s i n g  sun, r a d i o  commands were t ransmi t ted  t o  it which prepared 
t h e  "Lunokhod" f o r  t h e  next work day. 
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Although t h e  telemetric informat ion conveyed da ta  t o  the  opera tors  which 
ind ica ted  t h a t  t h e  "Lunokhod" had withstood t h e  test o f  t h e  lunar  night  
successfu l ly ,  everyone watlted t o  see and be s u r e  t h a t  t h e  "Lunokhod" would 
s t a r t  up again.  

On command, t h e  l i d  of t h e  "Lunokhod" opened and t h e  f i r s t  rays of  t h e  Sun 
s t ruck  t h e  s o l a r  ba t t e ry .  
Space Communications, a clear and happy p iece  of news was issued - "the cur ren t  
i n  t h e  s o l a r  b a t t e r i e s  is normal - 3 amperes!". 

In t h e  opera t ions  room of  t h e  Center  f o r  Remote 

The b a t t e r y  charging sess ion  began. Af te r  a shor t  time, t h e  funct ioning 
9f t h e  t e l e v i s i o n  and te lephotometr ic  apparatus  was c a r r i e d  ou t .  
obtained a? a r e s u l t  o f  t h e s e  tests c l e a r l y  showed t h e  lunar  su r face ,  t he  
t r acks  of  t h e  wheels, elements o f  t h e  s t r u c t u r e  of t h e  se l f -p rope l l ed  device 
2nd t h e  image of t h e  Sun r i s i n g  over  t h e  lunar  horizon i n  t h e  black sky of 
space. 

The panoramas 

The 10th o f  December had come, t h e  supp l i e s  of e l e c t r i c a l  energy had been 
f u l l y  replaced i n  t h e  s to rage  b a t t e r y ,  and t h e  veh ic l e  could now ge t  underway. 

What would t h e  s c i e n t i f i c  labora tory  do on t h i s  day? 

I t  was decided t o  do t h e  Following: 

t o  inves t iga t e  t h e  lunar  su r face  over  a d i s t ance  extending approximately 
1-1/2 ki lometers ;  

t o  determine t h e  r e g u l a r i t y  of  d i s t r i b u t i o n  o f  c r a t e r s  by diameter ,  depth,  
s teepness  o f  s lopes  and age, and t o  t r y  t o  determine t h e i r  o r ig in ;  

t o  ca r ry  out  a determination o f  t h e  number of  s tones  on t h e  lunar  sur face  
anJ t h e i r  c l a s s i f i c a t i o n ;  

to continue t h e  inves t iga t ion  o f  t h e  chemical and mechanical p rope r t i e s  of 
thc  Lunar rocks (sur face  l a y e r ) ,  and a l s o  x-ray s tud ie s  of cosmic r ays ;  

t o  work out  a method of l ay ing  out t h e  r o u t e  and d r iv ing  t h e  "Lunokhod" 
under d i f f e r e n t  condi t ions.  

On t h e  10th of December t h e  automatic se l f -propel led  s c i e n t i f i c  laboratory 
l e f t  i t s  parking place and l a i d  out  a new road 244 meters t o  t h e  south! 
was 25% g r e a t e r  than t h e  d i s t ance  covered by t h e  "Lunokhod*' during a l l  f i v e  of 
t h e  terrestrial days. 

This 

But t h i s  rou te  was very d i f f i c u l t .  Su f f i ce  it t o  say t h a t  on t h e  way a 
c r a t e r  16 t o  18 meters was encountered which d i d  not appear d i f f i c u l t  t o  c ross  
because of unfavorakla i l lumina t ion .  But t h e  defenses broke down as i t  was 
being crossed, and t h e  "Lunokhod" came t o  a s top  because t h e  s lope  reached 27 
degrees and t h e  list was 17 degrees.  
t e c t i o n  t h a t  it was poss ib le  t o  ge t  t h e  "Lunokhod" out of t h i s  q u i t e  unpleasant 
s i t u a t i o n .  

I t  was only a f t e r  switching o f f  t h e  pro- 
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On i t s  way t h e  Lunokhod" encountered many c r a t e r s  and s tones and crossed 
some o f  t h e s e  obs t ac l e s  vJhi le  going around o t h e r s .  

Every 20 meters t h e  s o i l  was t e s t e d  mechanically and t h e  chemical composi- 
t i o n  was determined i n  t h e  most i n t e r e s t i n g  places .  
1-1.2 kg/cm2 on t h e  average. 

The dens i ty  o f  t h e  s o i l  was 

Nine te lephotometr ic  panoramas were t ransmit ted from t h e  s c i e n t i f i c  
laboratory t o  Earth. I t  was found t h a t  i n  t h e  major i ty  of c r a t e r s  examined t h e  
edge and the wal ls  were as smooth as the  majori ty  of rocks,  i .e . ,  these c r a t e r s  
and rocks were of ancient  o r i g i n .  
stones l i e  on top  of  a comparatively f l a t  su r f ace ,  it may be assumed t h a t  they 
were f lung t h e r e  during t h e  formation of  larger c r a t e r s .  

In add i t ion ,  i n  view of t h e  f a c t  t h a t  t h e  

However, i n  t h e  case of  individual  c r a t e r s  and s tones ,  t h e  edges uere 
as sharp as t h e  tracks l e f t  by t h e  wheels on t h e  su r face .  This i n d i c a t e s  t h a t  
t h e  c r a t e r s  and s tones o f  t h i s  kind a r e  "young" and t h a t  t h e  process of folima- 
t i o n  o f  t h e  luna r  su r face  is going on a t  t h e  present  time, althoLgh t h e  paths  
of  evolut ion on t h e  Moon and on t h e  Earth &,e d i f f e r e n t .  

S u f f i c e  i t  L" say t h a t  according t o  t h e  c a l c u l a t i o n s  of s c i e n t i s t s  an 
average of 3 meteori tes  t h e  s ize  o f  a f i s t  land i n  one hour i n  one square kilo- 
meter. For t h i s  reason, obviously,  t h e  su r face  o f  t h e  Moon resembles t h e  face 
of  a man uho ha: su f fe red  from smallpox, and t h e  su r face  layer is composed o f  
b a s a l t  rock which has been transformed by m e t e o r i t i c  bombardment and cosmic 
rays i n t o  f i n e l y  dispersed r e g o l i t h .  

The x-ray te lescope continued t o  scan t h e  sky, looking f o r  sources of 
r ad ia t ion  i n  i t .  

On t h e  11th of  ecember work was d i r e c t e d  toward problems of  developing 
a method of maneuvering and determining t h e  mechanical p r o p e r t i e s  of  t h e  s o i l .  
I t  i s  a t e r e s t i n g  t o  no te  one of :he c h a r a c t e r i s t i c  condi t ions t h a t  p reva i l  
on t h e  Moon. While measuring t h e  temperature of  t h e  wheels i t  was found t h a t  
t h e  wheels t h a t  were i n  t h e  rays o f  t h e  Sun were heated t o  a temperature o f  
a3out +loo' Cels ius  while t h e  wheels t h a t  were i n  t h e  shade had a tomperature 
of -30' - e l s i u s .  This is  due t o  t h e  vacuum; it is d i f f i c u l t  t o  c r e a t e  such 
condi t ions on Earth. 
12th and ended on t h e  13th of  December, t r a v e l  toward t h e  south continued. 

During t h e  next communication se s s ion ,  which began on t h e  

In 3 days of t r a v e l ,  t h e  "Lunokhod" had gone 600 meters away from t h e  
landing platform and had covered 822 meters across  t h e  rough v i r g i n  s o i l  of  t h e  
Moon. 

On these days t h e  spectrometer,  i n  add i t ion  t o  i t s  kas i c  f u r s t i o n s  ( in-  
ves t iga t ion  of  t h e  chemical composition of the  s o i l ;  became an i n d i c a t o r  and 
recorder  f o r  t h e  inc rease  of t h e  i n t e n s i t y  o f  corpuscular f!.sxes of cosmic 
rays,  increasing the  background l e v e l  by approximately 100 chousandfold, and 
a l s o  a decrease i n  t h e  i n t e n s i t y  of g a l a c t i c  cosmic r ad ip t ion ,  which occurred 
afterward on t h e  14th of December. 

- /92 
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Path of Movement of "Lmokhod-1" on the Surface q f  the Moon. /90,91 
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A t  t h i s  time on Earth v io l en t  magnetic storms were being observed. I t  
should be  pointed out  t h a t  t h e  inc rease  i n  t h e  i n t e n s i t y  o f  corpuscular  f l uxes  
was recorded by an apparatus  which is  s i m i l a r  t o  t h a t  which was mounted aboard 
t h e  "Venera-7" in t e rp l ane ta ry  s t a t i o n ,  on t h e  "Intercosmos-4" s a t e l l i t e  and by 
t h e  ground s t a t i o n s  monitoring t h e  Sun. 

'The measurements performed by t h e  "Lunokhod" were c a r r i e d  out  pr imar i ly  
i n  t h e  range o f  energies  which cannot be received oil Earth due t o  t h e  screening 
effect o f  t h e  atmosphere. 

A l l  of t h e  phenomena descr ibed above, a s  h e  mentioned e a r l i e r ,  were caused 
by a series of  s t rong  flares on t h e  Sun, which took p lace  on t h e  10th and 11th 
of  December. 

The Sun's d i s c  slowly but  s t e a d i l y  rose higher  and higher  over t h e  lunar  
horizon, f looding t h e  luna r  su r face  with b l ind ing  l i g h t .  
it was a d i f f i c u l t  task to  ge t  o r i en ted  i n  t h e  a rea ,  select t h e  d i r e c t i o n  f o r  
movement and recognize obs t ac l e s .  

Even without t h i s ,  

There were p r a c t i c a l l y  no shadows which could be used f o r  determining whore 
t h e  obs t ac l e s  lay .  Under t h e s e  condi t ions ,  as t h e  "Lunokhod" moved along it 
was easy f o r  it t o  fa l l  i n t o  a s i t u a t i o n  t h a t  it might not escape from. 
fo re  it was d x i d e d  not  t o  move between t h e  14th and t h e  17th of  December, but  
t o  ca--ry out  experiments and research  with t h e  "Lunokhod" s t a t i o n a r y .  

Therz- 

The lunar  noon came, t h e  h o t t e s t  time, t h e  temperature on t h e  panels  o f  t h e  
s o l a r  b a t t e r i e s  reached almost 140' Cels ius ,  while on t h e  wheels t h a t  faced 
t h e  Sun it was somewhat lower - loo', but t h e  temperature i n s i d e  t h e  "Lunokhod" 
was only +18'. The temperature regula t ion  system was funct ioning normally. 

I t  is i n t e r e s t i n g  t o  note  t h a t  t h e  r a d i a t o r  i n  t h e  co ld  c i r c u i t ,  mounted 
on t h e  top  o f  t h e  hermet ica l ly  sea l ed  conta iner ,  al though it was i n  f u l l  sun- 
l i g h t ,  was p r a c t i c a l l y  unheated thanks t o  a spec ia l  covering t h a t  had c e r t a i n  
o p t i c a l  c o e f f i c i e n t s .  

In t h e  n ight  of  t h e  17th-18th December, dur ing  t h e  rou t ine  cmmunication 
sess ion ,  t h e  "Lunokhod" t r ave led  197 meters and le f t  behind it  a t r a i l  measwing 
a t o t a l  o f  1,022 meters. 

The first kiloineter had bq-en covered! 

Ren!:-' :r t h e  first 10 meters o f  t h e  journey, how d i f f i  , u l t  ,.ley seemed! 

But now t h e  crew had masteied t h e  technique of d r iv ing ,  they had learned 
how t o  dc:erm.*Ae tne most i n t e r e s t i n g  ( fo r  science)  and passable  r o u t e -  jn t h e  
t e r i a i n  and drove t h e  "Lunokhod" conf jdent ly  over  t h e  lunar  su r face .  

I 

A t  t h e  end o f  t h e  se s s ion  t h e  "Lunokk?d8' encountered a crater about 20 
meters i n  Aiameter i n  i t s  pa th ,  having a s l o  
i n t o  I t .  
t h e  dec is ion  t o  leave t h e  "Lmokhod" i n  t h e  c r a t v  u n t i l  t h e  next sess ion .  

of  about 20 deg- es, and descended 
On t h e  bottom o f  t h e  crater it found a p i l e  of s tones ,  which l ed  t c  
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This sess ion  began on 19 December at  0300 Mcscow time. Emerging from t h e  /93 
c r a t e r ,  t h e  "Lunokhod" continued moving forward, southward. When it encountered 
c r a t e r s  with a s lope  of  less than 23 degrees ,  t h e  "Lunokhod" crossed tnem a t  
angles of  l i s t  up t o  18 degrees ,  but went around l a r g e r  ones. 

A s  it moved along, it measured t h e  d i s t ance  it had t r ave led  and conducted 
measurements of  t h e  physical  and mechanical p rope r t i e s  of  t h e  s o i l  during b r i e f  
h a l t s .  

After t r a v e l i n g  263 meters during t h e  se s s ion ,  t h e  "Lunokhod" was 1,000 
meters d i s t a n t  f r o m  t h e  landing platform.  

After t h e  automatic s e l f -p rope l l ed  apparatus  was brought t o  a h a l t ,  a 
chemical ana lys i s  o f  t h e  composition o f  t h e  s o i l  was performed and te lephoto-  
panoramas of t h e  surrounding t e r r a i n  were t ransmi t ted  t o  Earth.  The Earth 
could be seen i n  one of  them. From t h i s  and from t h e  pos i t i on  of  t h e  Sun t h e  
naviga tors  were a b l e  t o  determine t h e  selenographic  coordinates  of  t h e  
"Lunokhod .'I 

The 20th o f  December came. I t  was 0426 Moscow time. The opera tors  and 
t h e  crew of t h e  "Lunokhod" took t h e i r  accustomed p laces  behind t h e  cont ro l  
panels  a t  t h e  Center  f o r  Remote Space Communication. 
commands and a new working sess ion  began f o r  t h e  "Lunokhod." 

They gave t h e  usual  

The crew o f  t h e  "Lunokhod" began t o  feel a s t r ange  sensa t ion :  they began 
t o  feel t h a t  the!- were the re .  I t  seemed t o  them t h a t  they were not  i n  t h e  
h a l l  but  t he re  on t h e  Moon, 400,000 kilometers from Earth.  This psychological 
f a c t o r  obviously can be explained by t h e  s k i l l ,  previous experience and con- 
f idence  of  t h e  crew. 

A t  t h e  beginning of t h e  new ses s ion  t h e  "Lunokhod'' emerged from t h e  edge 
of a shallow depression and began t o  move along it  i n  a sou the r ly  d i r e c t i o n .  

The path o f  i t s  t r a v e l  l a y  along t h e  p l a i n  with a g r t a t  many small craters 
on it. Occasionally t h e r e  were p i l e s  of s tones ,  measuring i'p t o  15 t o  20 cm. 

A t  t h e  end of  t h e  se s s ion  t h e  automatic device encountered a l a rge  crater  

After descending t o  t h e  bottom o f  t h e  
with a diameter of  approximately 100 meters and a depth o f  8 t o  10 meters. 
I t  was decided t o  examine it  c a r e f u l l v .  
c r a t e r ,  panoramas of  t h e  surrounding t e r r a i n  were taken,  i n  which small miters  
could be seen as well as p i l e s  of r a t h e r  l a rge  sharp-angled ( i .e . ,  "young") 
s tones  measuring 20 t o  30 cm. 

Three hundred and th i r ty-seven  meters were covered during t h e  se s s ion .  
Measurements of t h e  phys ica l  and meLhanica1 p rope r t i e s  of t h e  s o i l  were c a r r i e d  
out  sys temat ica l ly .  
were c a r r i e d  out  on t h e  inner  s lopes  qmd on t h e  bottom of  t h e  l a r g e  c r a t e r  
where t h e  "Lunokhod" stopped. 

Considerable i n t e r e s t  a t tached  t o  t h e  measurements t h a t  
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During t h i s  s e s s ion ,  t h e  memory u n i t  t r ansmi t t ed  information t o  Earth 
concerning t h e  f luxes  o f  r a d i a t i o n  coming from sources located i n  t h e  plane 
of t h e  Galaxy and detected by t h e  x-ray te lescope.  

On t h e  b a s i s  o f  t h e  d a t a  from t h e  radiometr ic  measurements i t  was confirmed 
t h a t  during t h e  last  few days t h e r e  had been no s i g n i f i c a n t  i nc rease  i n  t h e  
i n t e n s i t y  of corpuscular  cosmic r a d i a t i o n .  
ance with t h e  r a d i a t i o n  s i t u a t i o n  t h a t  cha rac t e r i zes  a per iod o f  3 q u i e t  Sun. 

Background r a d i a t i o n  was i n  accord- 

On t h e  21st  o f  December t h e  crater i n  which t h e  communication se s s ion  o f  /94 
20 December had been in t e r rup ted  again became an area f o r  research.  

The "Lunokhod" completed i t s  movement across  t h e  bottom of t h e  c r a t e r  and 
along i t s  s iopes ,  examining ind iv idua l  s tones and p i l e s  o f  s tones ,  as well as 
smaller c r a t e r s  which were present  i n  g r e a t  numbers on t h e  bottom o f  t h e  l a r g e  
crater . 

Altho.*:h t h e  "Lunokhod" covered a total  o f  78 meters during t h i s  s e s s ion ,  
it executed twice as many maneuvers as it d id  i n  t h e  previojis s e s s ion .  

The program o f  i n v e s t i g a t i o n  f o r  t h e  second day was c a r r i e d  ou t  f u l l y  and 
i t  was necessary t o  th ink  about s e l e c t i n g  a parking p l ace  f o r  t h e  second lunar  
n igh t  and t o  prepare f o r  i t .  

A l l  o f  t r le  operat ions involved i n  preparat ion f o r  t h e  lunar  n igh t ,  which 
would come on t h e  24th o f  December 1970 and would las t  u n t i l  9 January 1971, 
were c a r r i e d  ou t  during t h e  communication se s s ions  on 22 and 23 December. 

The second working day o f  t h e  "Lunokhod", l a s t i n g  from 9 t o  23 December 
1970, had been success fu l ly  completed. 

In accordance with t h e  designated program t h e  automatic apparatus had 
t r a v e l e d  1-1/2 ki lometers  over t h e  s u r f a c e  o f  t h e  Moon a t  t h e  same average 
ve loc i ty  t h a t  it had had during tests a t  t h e  lunodrome a t  Ear th .  The 
c o e f f i c i e n t  o f  u se fu l  energy u t i l i z a t i m  during movement w a s  c l o s e  t o  u n i t y .  
The r e s u l t  was very high even f o r  terrestrial  condi t ions.  As it t r a v e l e d  t h e  
"Lunokhod" not only encountered approximately 40 craters but j nves t iga t ed  them. 
Stones t h a t  were encountered on t h e  way were subjected t o  t h e  same ca re fu l  
i nves t iga t ion  as t h e  craters. 

Why was such g r e a t  a t t e n t i o n  given t o  studying craters and s tones? 

I t  i s  a fact t h a t  t h e  morphological c h a r a c t e r i s t i c s  o f  c l e a r l y  ou t l ined  
small craters i n d i c a t e  t h e i r  o r i g i n  as a r e s u l t  of an explosion. 
of an explosion was it - v o l c a n i c  o r  me teo r i t i c?  
d i s t r i b u t i o n  of crater:  eve r  t h e  su r face ,  we can a s c e i t a i n  t h e  cause of t h e  
explosion. 

But what kind 
I f  we know t h e  law of  

I 

The "Lunokhod" w i l l  h e lp  s c i e n t i s t s  t o  answer t h i s  quest ion.  
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Well, and what about t h e  s tones? I t  may now be considered e s t ab l i shed  t h a t  
t h e i r  presence on t h e  su r face  of  t h e  Moon is  l inked p r imar i ly  t o  t h e  process of 
crater formation. The s tones are fragments o f  rocks thrown out  onto t h e  s u r f a c e  
as t h e  r e s u l t  o f  explosions.  

This makes it poss ib l e  t o  determine which rocks are located bencath t h e  
su r face  l a y e r  of t h e  lunar  r e g o l i t h  and would not be picked up by d r i l l i n g .  
From t h e  shape o f  t h e  s tones  we can alsc determine how long ago t h i s  process 
took p lace .  

These s t u d i e s  were a l s o  c a r r i e d  out  by t h e  ''Lunokhod". 

A t  t h i s  point  i t  would be a good idea t o  remind t h e  r eade r s  of several  
c h a r a c t e r i s t i c s  regarding t h e  d i s t r i b u t i o n  o f  craters and s tones on t h e  su r face  
o f  t h e  Moon which have been determined. The law o f  d i s t r i b u t i o n  of craters 
with diameters from seve ra l  cent imeters  t o  !iundreds o f  meter- i n d i c a t e s  t h a t  
t h e  p r o b a b i l i t y  o f  encountering craters o f  a give.: diamt;cr i s  inve r se ly  pro- 
po r t iona l  to  t h e  square o f  t h e  diameter.  
1 kilometer square i n  a luna r  "sea1', t h e r e  w i l l  be approximately 80,000 c r a t e r s  
1 meter i n  diameter,  and only about 800 craters with diameters o f  more than 
10 meters. In t h e  same square kilometer we have found seve ra l  t e n s  of thousands 
o f  s tones l a r g e r  than 20 cent imeters  i n  diameter and only 100 s tones  larger than 
2 meters i n  diameter.  

This  means t h a t  i f  we choose an area 

The na tu re  of t h e  movement o f  t h e  "Lunokhod" i s  somehow reminiscent of  t h e  
pioneer geo log i s t .  
a d i r e c t i o n  f o r  t r a v e l .  
encountering a f r e s h  crater o r  a group o f  s t o n e s ,  examines them, ca;ries ou t  
physical  and mechanical tests ( t h i s  happened 73 times i n  t h e  course of t h e  
second lunar  day) and carries o u t  a determination o f  t h e  chemical composition 
o f  t h e  s o i l  at places  where t h e r e  has been an e j e c t i o n  of "fresh" s o i l .  

From a high point  i n  t h e  area it looks around and chooses 
On f l a t  places  it moves r ap id ly ,  but s tops  when 

The prel iminary r e s u l t s  o f  t h e  chemical a n a l y s i s  have made it poss ib l e  t o  
e s t a b l i s h  t h e  concentrat ion o f  t h e  bas i c  rock-forming elements i n  a number of 
locat ions where t h e  research was c a r r i e d  ou t .  

The '*Lunokhod" d .scovered aluminum, i r o n ,  s i l i c o n ,  t i tanium, magnesium, 
potassium, calcium, i . e . ,  e s s e n t i a l l y  t h e  same elements which were found i n  t h e  
sample which was brought back t o  Earth by t h e  "Luna-16" s t a t i o n .  

The x-ray te lescope conducted s t u d i e s  o f  33 regions i n  t h e  c e l e s t i a l  sphere.  
The exis tence o f  d i f f u s e  (i. e. , s c a t t e r e d )  cosmic r ay  background was es t ab l i shed .  
However, d i s c r e t e  ( ind iv idua l )  sources of cosmic r a d i a t i o n  were found. One of 
t h e  s i g n i f i c a n t  d i s c r e t e  sources o f  x-rays is  located i n  t h e  c o n s t e l l a t i o n  
Sygnus. 
i n t e n s i t y  of t h e  cosmic rays during t h e  s o l a r  f lare of 10 December were re- 
corded. 
process involved t h e  use of a number o f  instruments t h a t  were t e n s  of  mi l l i ons  
o f  kilometers apart. 
is  o f  enormous s ign i f i cance  f o r  explaining t h e  mechanism o f  t h i s  phenomenon. 

By means o f  a radiometer and t h e  "Rifma" instrument t h e  changes i n  t h e  

For t h e  first time, t h e  measurements o f  t h i s  grandiose cosmogonic 

Very rare and valuable  s c i e n t i f i c  d a t a  was obtained which 
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We should a l s o  dwell on s t i l l  another i ppor t an t  r e s u l t  of t h e  s t u d i e s  
c a r r i e d  out  on t h e  second luna r  day. 
s u r f a c e  o f  t h e  Moon, i t s  mobntainous cont inental  formations could be seen - t h e  
mountain Massiff o f  Cape Heracli'us. 

For t h e  f irst  time, d i r e c t l y  from t h e  

The movement o f  t h e  "Lunokhod" had enabled an a rea  o f  225,000 square meters 
t o  be examined, t oge the r  with a preparat ion o f  t h e  p r o f i l e s  of t h e  c r a t e r s  
encountered on t h e  way, so t h a t  a s ta t i s t ica l  t a b l e  of t h e i r  s i z e s  could be 
compiled. 

I t  should be emphasized once again t h a t  t h e  su r face  of Mare Imbrium i s  
highly i r r e g u l a r ,  and although it is 1,000 kilometers awav from t h e  equa to r i a l  
"seas", it i s  not very d i f f e r e n t  from them. Consequently, t h e  processes of 
evolut ion o f  t h e  luna r  su r face  i n  both t h e  equa to r i a l  zone and z i t  high l a t i t u d e s  
are similar. 

From t h e  navigaror 's  s t andpo in t ,  it was extremely d i f f i c u l t  t o  o r i e n t  
one ' s  s e l f  i n  t h e  area w'-ich was s tud ied  due t o  h e  monotonous appearance of  
t h e  landscape, t h e  lack of c h a r a c t e r i s t i c  landmarks, and p e c u l i a r i t i e s  o f  
i l luminat ion.  

Durizg t h e  second luna r  day, 15 r a d i o  communication se s s ions  were he ld ,  
during xhich 40,000 commands were given and c a r r i e d  o u t ,  and an enormous volume 
of t e l eme t r i c ,  t e l e v i s i o n  and te lephotometr ic  information was se t .  

/96 

The "Lunokhod" was now 1,370 meters away from t h e  landing platform and it 
had covered 1,719 meters. 

The second lunar  night  was now coming on a t  t h e  p l ace  where t h e  "Lunokhod" 
stood. 
r egu la t ion  system t h a t  mtlintained t h e  necessary temperature condi t ions within 
t h e  hermetical ly  sea l ed  compartments o f  t h e  ''Lunokhod". 

The isotope "stove" was working properly,  as was t h e  temperature 

Af t e r  beginning i t s  rou t ine  "sleep" i n  1970, t h e  "Lunokhod" "awoke" i n  
1971. 
3 S r i e f  t e l e v e t r i c  r a d i o  communicaticn se s s ions  were conducted with i t  t o  checK 
t h e  cciidit ion o f  t h e  onboard systems. 

Between 23 December 1970 and 7 January 1971 (during t h e  luna r  n i g h t ) ,  

No defec t s  i n  t h e  operat ion o f  t h e  systems were detected.  The r e p o r t s  
were laconic .  Everything normal onboarc! i 

Day Three 

On 8 January,  a t  0045, when t h e  Sun was 4 degrees above t h e  lmar  horizon, 
t h e  f irst  command was given t o  d i s t u r b  t h e  rest o f  t h e  "Lunokhod". 

The l i d  and s o l a  b a t t e r y  panel opened up and t h e  b a t t e r i e s  commenced 
chargixig. 
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Thc engineers who were responsible  f o r  the tcmperaturc condi t ions aboard 
t h e  "Lunokhod" c a r e f u l l y  followed t h e  heat ing o f  the  c h a s s i s ,  t h e  narrow-beam 
antenna and t h e  penetrometer. 
only a f t e r  c e r t a i n  temperature l e v e l s  were reach5d; i f  n o t ,  there might be 
some kind o f  a f a i l u r s  and a i l  of t h e  rest o f  t n e  experiments would be s e r i o u s l y  
threatened.  

I f  everythirig went we l l ,  movement could ; tart  

By 1700 on 9 January 1971 +he supply o f  e l e c t r i c a l  energy i n  t h e  b a t t e r i e s  
had been r e s to red  and t h e  new work day began. 

As you recall  , t h e  'I-. nokhod" "spent t h e  night"  i n  a l a r g e  c r a t e r ,  
approximately 100 meters i n  diameter,  and t h e r e  were many s tones with sharp 
edges i n  t h e  crater .  
provided a b a s i s  f o r  assuming t b a t  they were of comparatively recent  o r i g i n  
and t h a t  they were e j e c t e d  from a neighboring c r a t e r .  
t o  subject  t hese  s tones  t o  a d e t a i l e d  examination. 
determine t h e i r  chemical composition and t h e  telephotometers scanned t h e i r  
ex te rna l  appearance minutely. 

Tlie loca t ion  of t h e  p i l e s  o f  t hese  stones and t h e i r  shapes 

I t  was t h e r e f o r e  decideo 
The "Rifma" went t o  work t o  

For 1-1/2 hours t h e  automatLC chemical laboratory worked on t h e  Moon. 
When t h i s  experiment was f in i shed  t h e  next one began. This involved d e t e r -  
mining t h e  physical  and mechanical p r o p e r t i e s  o f  t h e  s o i l  and measuring t h e  
parameters o f  a t t r a c t i o n  and adhesion. 

The "Lunokhod" began t o  move. I n i t i a l l y  it t r a v e l d  back ;long t h e  
o ld  path t h a t  i t  had t r ave led  on t h e  21st  o f  DecembP- 1970. The  tracks were - /97 
clear and t h e  smallest d e t a i l s  o f  t h e  t r e a d s  were v i s i b l e .  

HS it moved along t h e  o l d  pa th ,  t h e  automatic ayparatus emerged from t h e  
c r a t 5 r  and headed of f  i n  a n o r t h e a s t e r l y  d i r e c t i o n .  

During t h e  first se s s ion  o f  t h e  t h i r d  luna r  day t h e  se l f -p rope l l ed  device 
covered 110 meters. 

What s o r t  o f  a research program was t h e  I p e r a t n ' s  group t o  car :, Ju t  on l.ie 
t h i r d  lunar  day? 

This problc,l can be formulated as b r i e f l y  2.s poss ib l e :  t o  r e t u r n  t o  t h e  
landing platform along a new r m t e  i n  1 luna r  day. 

The problem was one of navigat ion,  and s o l e  r e s p o n s i b i l i t y  f o r  solving i t  
r e s t e d  oa t h e  shoulders  of t h e  navigators  and t h e  computer. 

During t h e  two next sessions held on 11 and 1 2  January 1971, t h e  speed of 
t h e  "Lunokhod" reached approximately 100 meters an hour. 
t h i s  fas t  on t h e  Moon before.  

I t  had never t r ave led  

I 

Qn t h e  11th of  January,  517 meters were covered, and 553 meters on t h e  12th 
o f  January. 
12th o f  January l ay  along comparatively f l a t  areas o f  Mare Imbrium, t h e  secona 

While t h e  11th o f  January and a ?o r t ion  of the tri;J made on t h e  
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p a r t  of t h e  journey made by t h e  automatic device made on t h c  12th of  January 
was charac te r ized  by t h e  ex i s t ence  o f  a g rea t  many s tones  and c r a t e r s  ranging 
i n  diameter from 3 t o  30 meters. 

As it moved under these  d i f f i c u l t  condi t ions ,  t h e  "Lunokhod" demonstrated 
good handling c h a r a c t e r i s t i c s .  

Since t h e  se l f -p rope l l ed  apparatus s t a r t e d  moving, it had covered 2,930 
meters. During t h e  experiment, which was conducted on t h e  11th and 12th o f  
January,  some very i n t e r e s t i n g  medical s t u d i e s  were c a r r i e d  ou t .  

The s t a t u s  o f  t h e  experiment involving long term dr iv ing  ind ica ted  r e t en t ion  
of  good working capac i ty  by a l l  members o f  t h e  crew. A s  a matter of f a c t ,  
during these  sess ions  which l a s t e d  S and 6 hours, there was a ccimplete change 
of  crew members. The rate of  work d id  not decrease a t  t h i s  time. How was t h i s  
achieved? 

According t o  t h e  observat ions of  t h e  doc tors ,  it w a s  found t h a t  t h e  crek' 
which had s t a r t e d  the  movement sess ion  r e t a ined  i t s  working capac i ty  a t  t h e  
necessary l eve l  u n t i l  t h e  sess ion  was over and c a r r i e d  g u t  t h e  designated work 
program q u i t e  successfu l ly .  

But it was necessary t o  e s t a b l i s h  t h e  p o s s i b i l i t y  of  opera t iona l  en t ry  
i n t o  t h e  working rhythm by t h e  new crew without i n t e r rup t ing  t h e  se s s ion ,  and 
a l s o  t o  work mt the  ac tua l  method of changing crews, both p a r t l y  and completely. 

I t  should be pointed out t h a t  tile change o f  crews i n  t h e  course of  a long 
drivi1.p sess ion  is one of t h e  methods of  increas ing  t h e  r e l i a b i l i t y  o f  carr j - ing 
out  t h e  program. 
working continuously f o r  many days,  t h i s  kind of  a change w i l l  be simply un- 
avoidable. 

In t h e  near  f u t u r e ,  however, when such lunokhods w i l l  be 

Af t e r  two days of a c t i v e  d r iv ing  of t h e  "Lunokhod", i t  was necessary t o  
ca r ry  out a number of  s c i e n t i f i c  experiments and the  condi t ions f o r  o r i en ta -  
t i o n  and recogni t ion of  obs t ac l e s  de t e r io ra t ed  sharply,  which was caused by t h e  
e leva t ion  of t h e  Sun high abme t h e  lunar  horizon. 

/ 100 Accordingly, t h e  "Lunokhod" was i n  a s t a t i o n a r y  pos i t i on  from 13 t o  15 
_c_ 

January. During t h i s  time, t h e  radiometer,  x-ray te lescope ,  and "Rifma" (x- ray  
spectrometer) were a l l  workirg. 

The Sun passed through t h e  zeni th  and began t o  set .  The v i s i b i l i t y  i m -  
proved. 
Movement could begin. 

S c i e n t i f i c  experiments performed i n  t h e  parked pos i t i on  were terminated. 

During t h e  night  from 16 t o  1 7  January 1971 42 communication sess ions  were 
held with t h e  "Lunokhoa." Movement o f  t h e  se l f -p rope l l ed  device i n i t i a l l y  lay  
across  a considerably broken t e r r a i n ,  with a grea t  many c r a t e i s ,  a f t e r  which t h e  
"Lunokhod" entered a region with a more gen t l e  r e l i e f  and approached t h e  
trach which it had made more than a month ago on t h e  su r face  during i t s  manzuvers 
on t h e  second lunar  day. 
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Previously (2 t o  3 years  ago) such th ings  would have been found only  i n  
science f i c t i o n ,  but now t h e r e  could be seen on t h e  t e l e v i s i o n  monitor a t  
t h e  cont ro l  cen te r  and i n  innumerable photographs i n  newspapers and magazines. 

The "Lunokhod" was near ing  t h e  end of t h e  t h i r d  work day. The Sun was 
coming c l o s e r  and c l o s e r  t o  t h e  horizon. 
would spend t h e  t h i r d  lunar  n ight  a t  t h e  landing platform.  

I t  was decided t h a t  t h e  "Lunokhod" 

On t h e  19th and 20th o f  January a l l  preparatory measures were taken and 
on t h e  21st o f  January t h e  automatic device  was swallowed up f o r  t h e  t h i r d  time 
by t h e  lunar  n ight  which l a s t e d  u n t i l  t h e  7th of February. 

What were t h e  p r inc ipa l  goa ls  of t h e  t h i r d  luna r  n igh t?  hhat new information 
d id  .:he automatic researcher  t ransmi t  t o  Earth? 

The p r inc ipa l  goa.' o f  t h e  experiment which was c a r r i e d  out  was t o  eva lua te  
t h e  accuracy and r e l i a b i l i t y  o f  t h e  navigat ion system as well as t o  check t h e  
methods of navigat ion,  remote cont ro l  and opera t ion  of t h e  "Lunokhod." 

As we know, t h i s  problem was solved successfu l ly .  I t  should be kept i n  
mind t h a t  t h e  naviga tors  had no topographic lunar  c h a r t s  ( l a r g e  s c a l e )  t o  p l o t  
t h e  course except f o r  a clean shee t  o f  paper. 

To c a r r y  out  these  movements and perform s c i e n t i f i c  research onboard t h e  
"Lunokhod", about 3,000 commands had t o  be given which were c a r r i e d  out  without 
coqplaint  by t h e  "Lunokhod" system. 

By means of  te lephotometers ,  13 scanning and 5 astronomical panoramas were 
These d a t a  were used f o r  topographic and geological-  t ransmi t ted  t o  t h e  Earth.  

-morphological s tud ie s  of t h e  lunar  sur face .  
- / l o 1  

Along t h e  path t h a t  was t r ave led ,  s t u d i e s  of  t h e  physical  and mechanical 
c h a r a c t e r i s t i c s  of t h e  lunar  s o i l  were c a r r i e d  out  a t  200 po in t s .  I t  was I 
found t h a t  t h e  s o i l  along t h e  rou te  of  t h e  t h i r d  lunar  day had g r e a t e r  hsrdness  
than t h e  s o i l  along t h e  rou te  covered on t h e  second day. 

The ''Lunokhod" success fu l ly  crossed 8" c r a t e r s  with r a t h e r  s t e e p  s i d e s ,  
including one with a diameter of approximately 150 meters. 

A s  t h e  r e s u l t  of t h e  a c t i v i t i e s  of t h e  t h i r d  day, i t  was demoastrated t h a t  
se l f -propel led  devices  are capable of moving about r a t h e r  r ap id ly  on t h e  Moon 
and t h a t  t h e  design of  t h e  f irst  "Lunokhod" was simple and r e l i a b l e .  

Analyses of t h e  chemical composition of t h e  lunar  rocks which were performed 
during t h e  t h i r d  day i n  t h e  course of 8 hours by means o f  t h e  "Rifma" apparatus  
provided a r i c h  volume o f  material which made it poss ib l e  to  conclude t h a t  i n  
addi t ion  t o  t h e  elements previously found i n  Mare Imbrium t h e r e  was a l s o  
t i tanium and chromium. 
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In t h e  course of  t h e  t h i r d  lunar  day, by means of t h e  x-ray te lescope ,  
measurements o f  t h e  x-ray cosmic r ad ia t ion  were continued. 
t h e  celestial  sphere were examined, loca ted  both i n  t h e  p lane  of  t h e  galaxy and 
at  considerable  angles  t o  it. In t h r e e  areas, f luxes  were observed coming from 
d i s c r e t e  ("point") sources  of  r ad ia t ion .  The most i n t e r e s t i n g  r e s u l t s  o f  t h e s e  
measurements cons i s t  i n  t h e  f a c t  t h a t  some of t h e  a reas  of  t h e  c e l e s t i a l  sphere 
where r ad ia t ion  was recorded co inc ide  with sources  o f  x- rad ia t ion  as recorded 
by t h e  te lescope  on t h e  second lunar  day. 

Th i r ty  sec t ions  o f  

The d e t e c t o r s  o f  t h e  "Lunokhod" radiometer cont inue t o  record f luxes  o f  
corpuscular  cosmic r ad ia t ion .  

In  con t r a s t  t o  t h e  second lunar  day, t h e  t h i r d  day can be cha rac t e r i zed  
as a day of q u i e t  r a d i a t i o n  condi t ions ,  with t h e  exception of t h e  19th and t h e  
20th o f  January,  when an increase  i n  t h e  i n t e n s i t y  of t h e  f l u x  of  low energy 
protons by seve ra l  f o l d  w a s  observed. 

Experience i n  opera t ing  t h e  first se l f -p rope l l ed  apparatus  on t h e  Moon i n  
t h e  course o f  such a long per iod of time has provided a wealth of p r a c t i c a l  
information f o r  t h e  design of f u t u r e  machines. 

Day Four. The Planned Program of  Research Has Been Completed 

On 6 February 1971, t h e  b l ind ing  d i s c  o f  t h e  Sun rose i n t o  t h e  black 
lunar  sky. 

The four th  working day o f  t h e  "Lunokhod" had begun. Radio commands were 
given t o  "wake up" t h e  "Lunokhod" and prepare  i t s  systems f o r  ol;eration. The 
supply o f  electrical energy requi red  f o r  movement w a s  s t i l l  inadequate,  but 
t h e  s c i e n t i f i c  instruntents were working - t h e  x-ray te lescope  and t h e  rad io-  
meter. 
c o l l e c t i n g  information on t h e  x-ray and cosmic r a d i a t i o n  which continuously 
bombard t h e  Moon from var ious  d i r e c t i o n s .  

These instruments  use  t h e  movement of  t h e  Moon f o r  "scanning" and 

On 7 February a t  1800 Moscow time t h e  communication sess ion  began; t h e  
purpose o f  t h i s  s e s s ion  w a s  t o  i n v e s t i g a t e  t h e  o p t i c a l  p r o p e r t i e s  o f  t h e  area 
of  t h e  lunar  su r face  i n  quest ion when it was i l lumina ted  by t h e  Sun a t  d i f f e r -  
ent  angles  and t o  s tudy t h e  p o s s i b i l i t y  of  deciphering (recognizing) ind iv idua l  
formations under these  condi t ions on t h e  b a s i s  o f  t h e  t e l e v i s i o n  and te le -  
photometric p i c tu re s .  

The performance of t h i s  new luna r  experiment was not  acc iden ta l .  
of t h e  se s s ions  aimed at obta in ing  luna r  panoramas a t  low Sun angles ,  a forma- 
t i o n  was spot ted  i n  t h e  panorama which had s u r p r i s i n g l y  rec tangular  s ides ,  
and was of  r a t h e r  considerable  dimensions, and t h e  observers  had dubbed it 
t h e  "brick". 
sess ion  it could not  be  found i n  t h e  panorama - it had "vanished". The objec t  
(formation) t h a t  c rea ted  t h i s  o p t i c a l  i l l u s i o n  had not  disappeared,  of course,  
but had simply been a f f ec t ed  by a change i n  t h e  i l lumina t ion  condi t ions  and 
thanks t o  t h e  remarkable r e f l e c t i v i t y  of  t h e  lunar  s o i l ,  t h i s  area blinded t h e  
" t e l ev i s ion  eye" and t h e  objec t  l 'disappearedll. 

During one 

But image everybody's s u r p r i s e  when during t h e  next communication 
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When studying t h e  lunar  s o i l  c o l l e c t e d  and returned t o  Earth by t h e  
"Luna-16'' apparatus ,  it was found t h a t  t h e  su r face  l a y e r  cons is ted  almos: 50% 
of p a r t i c l e s  t h a t  were v i t r i f i e d  o r  molten, exh ib i t i ng  d i s t i n c t i v e  s c a t t e r i n g  
and r e f l e c t i n g  p rope r t i e s .  In t h i s  connection, a d e s i r e  was expressed t o  
s tudy  these  p rope r t i e s  under t h e  condi t ions  o f  t h e  na tu ra l  occurrence of  t h e  
rocks at  various i l lumina t ion  condi t ions .  This experiment made it poss ib l e  
t o  s e l e c t  t h e  most s u i t a b l e  angles  o f  azimuth and a l t i t u d e  of t h e  Sun a t  which 
t h e  "Lunokhod" could move under t h e  bes t  condi t ions  of  i l lumina t ion  of t h e  
t e r r a i n  and t o  check t h e  p o s s i b i l i t y  o f  t h e  t e l e v i s i o n  systems being a b l e  t o  
ope ra t e  wider lunar  condi t ions .  

I f  we add t o  t h i s  t h e  tremendous i n t e r e s t  on t h e  p a r t  o f  astronomers i n  
knowing t h e  na ture  of  t h e  s c a t t e r i n g  o f  l i g h t  by var ious  por t ions  o f  t h e  lunar  
sur face ,  it becomes understandable why it was now necessary t o  ca r ry  out  t h i s  
o p t i c a l  experiment. 

Some s c i e n t i s t s  s t a t e d  t h a t  t h e  Moon simply sh ines  but does not  warm up. 
i n  t h e  first p lace ,  as we know, t h e  r ad ian t  Their  t heo r i e s  went l i k e  t h i s :  

energy o f  t h e  Sun hea t s  t h e  lunar  su r face  t o  +130 Cels ius ,  s o  t h a t  t h e  luna r  
su r face  itself becomes a heat  r a d i a t o r .  In add i t ion ,  t h e  x- rad ia t ion  of  t h e  
Sun e x c i t e s  t h e  atoms of chemical elements forming t h e  rock (induced rad io-  
a c t i v i t y ) ,  so t h a t  th9%y begin t o  r a d i a t e  energy i n t o  space.  So, does t h e  Moon 
ge t  hot o r  doesn ' t  it? 

The o p t i c a l  experiments were performed a s  fol lows.  A c r a t e r  with 
c h a r a c t e r i s t i c  formations was chosen along t h e  r o u t e  of  t h e  "Lunokhod" and 
examined on a l l  s i d e s  by means o f  t e l e v i s i o n  cameras and te lephotometers .  
During t h i s  per iod of  time t h e  p o s i t i o n  o f  t h e  Sun remained p r a c t i c a l l y  cons tan t  
as fa r  as a l t i t u d e  was concerned but p i c t u r e s  a t  d i f f e r e n t  angles  of  i l lumina-  
t i o n  were obtained due t o  t h e  movement o f  t h e  "Lunokhod." 

/ l o 5  

Such experiments were repeated many times during subsequent s e s s ions  a t  
d i f f e r e n t  p laces  and a t  d i f f e r e n t  angles  of e l eva t ion  of  t h e  Sun. 
from t h i s  i n t e r e s t i n g  experiment are being analyzed. 

The da ta  

When t h e  o p t i c a l  experiment was complete t h e  "Lunokhod" continued moving 
north.  I t  had covered 323 meters during t h e  sess ion .  

The pa th  of  t h e  "Lunokhod" l a y  across  a Mare type su r face  with craters 
30 t o  40 meters i n  diameter.  
and it went through these ;  it went around o the r s .  

Some o f  them had s t e e p  s lopes ,  up t o  15 degrees ,  

On t h e  second h a l f  o f  t h e  t r i p  t h e  automatic s e l f -p rope l l ed  device  en tered  
a zone of e j e c t a  from a l a r g e  c r a t e r ,  where t h e r e  were a g rea t  many s tones  o f  
d i f f e r e n t  sizes. 

The se s s ion  was completed by t h e  t ak ing  o f  te lephotometr ic  panoramas i n  
which one could see images of t h e  Sun and t h e  landing s t a g e  o f  t h e  "Luna-17" 
s t a t i o n  which a t  t h i s  time was 260 meters d i s t a n t  from t h e  "Lunokhod". 
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On t h e  8 t h  of  February, beginning a t  1800, t h e  "Lunokhod" moved northward 
f o r  5 hours i n  t h e  d i r e c t i o n  o f  Cape Herae l i t u s ,  which had been spot ted  i n  t h e  
panoramas taken earlier. 

The pa th  o f  t h e  "Lunokhod" l a y  across  a t e r r a i n  which was charac te r ized  
by considerable  i r r e g u l a r i t y  due t o  t h e  g r e a t  many c r a t e r s  ranging i n  diameter  
from SO t o  100 msters. 

The sess ion  was remarkable by v i r t u e  of t h e  f a c t  t h a t  t h e  se l f -p rope l l ed  
device covered i t s  4 th  ki lometer  i n  t r a v e l i n g  across  t h e  lunar  sur face .  For 
t h e  second time t h e  landing s t a g e  was hidden from t h e  f i e l d  o f  v i s ion  of  t h e  
teiephotometer.  

A s tudy o f  t h e  a r e a  covered during t h e  se s s ion  o f  8 February was continued 
on t h e  9 th  o f  February. 
meters were seen. 

Several  f r e sh  craters ranging i n  diameter  up t o  20 

According t o  t h e  se l eno log i s t s ,  one of them was t h e  youngest of  a i l  those  
observed so  far.  
o f  t h e  telephotometers,  t h e  "Rifma" instrument (chemical composition) and t h e  
penetrometer (physical  and mechanical p rope r t i e s  of  t h e  rock) . 
were c a r r i e d  out both i n  t h e  undis turbed l a y e r  ( r ego l i th )  and i n  r e g o l i t h  with 
t h e  su r face  l a y e r  removed. 

Hence, it was sl;bjected t o  a ca re fu l  examination by means 

Measurements 

On t h e  b a s i s  o f  t h e  d a t a  obtained a d e t a i l e d  geological-morphological 
diagram o f  t h e  inves t iga t ed  a r e a  was prepared. 

I t  should be pointed out  t h a t  when we are speaking of  comparatively f r e s h  
On crater o r  a young one it means t h a t  i t s  age i s  about 2 t o  3 mi l l i on  years .  

t h e  o t h e r  hand t h e  age o f  t h e  r o c k  makivg up Mare Imbrium has been est imated 
t o  be about 3 b i l l i o n  years .  

In accordance with t h e  planned program, during t h e  pauses between 
communication sess ions  t h e  radiometer and t h e  x-ray te lescope  continued scanning 
t h e  heavens. 

By t h e  end of t h e  se s s ion  on t h e  9 t h  cif February t h e  "Lunokhod" was 578 
meters away from i t s  landing platform.  
t r ave led  326 meters. 

On t h e  8 th  and 9 th  o f  Febriary it 

The program o f  t h e  communication se s s ion  with t h e  "Lunokhod" on t h e  l O t k  o f  / io4  - 
February was s tud ied  very very  a c t i v e l y  by t h e  operat ions group. 
a t t e n t i o n  t o  t h e  cur ren t  s e s s ion  was j u s t i f i e d  by t h e  f a c t  t h a t  t h i s  was t h e  
day when a t o t a l  s o l a r  e c l i p s e  would take  p l ace  on t h e  Moon. 

This  depth of  

This event takes p lace  from 1 t o  3 times every year  on t h e  Moon. But once 
every 5 years  t h e r e  is  a year  without any s o l a r  ec l ip se .  

While t h e  Moon is respons ib le  for s o l a r  e c l i p s e s  on Earth,  t h e  Earth i s  
-esponsible f o r  them on t h e  Moon. Since t h e  shadow of t h e  Earth a t  a d i s t ance  
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of  400,000 ki lometers  is  more than 9,000 ki lometers  i n  diameter ,  i t  is obvious 
t h a t  when t h e  Moon e n t e r s  i t  t h e  l a t t e r  body, having a diameter of  approximately 
3-1/2 thousand ki lometers ,  i s  plunged i n t o  lunar  n ight  condi t ions f o r  a long 
per iod of  time (about 3 hours) .  

The d i f f e rence  between t h e  ac tua l  lunar  night  and t h e  "night" produced by 
t h e  e c l i p s e  i s  t h e  following. When lunar  night  comes on, t h e  lunar  su r face  and 
t h e  "LunJkhod" as well gradual ly  become dark by v i r t u e  o f  the f a c t  t h a t  t h e  Sun 
i s  s l i p p i n g  behind t h e  horizon (sunset  and s u n r i s e  on t h e  Moon l a s t  about an 
hour).  During t h e  e c l i p s e  t h e  shadow races over t h e  lunar  su r face  a t  a speed 
of about 4,000 ki lometers  an hour. P r a c t i c a l l y  speaking, n ight  comes in s t an -  
taneously.  Inf lux  o f  s o l a r  hea t  ceases and as a result of  t h e  low thermal 
conduct ivi ty  o f  lunar rocks t h e  temperature of  t h e  lunar  su r face  drops sharply 
i n  i h e  course of  an hour from +130 t o  -100' Cels ius .  

Taking t h i s  i n t o  account,  t h e  quest ion of  t h e  temperature condi t ions aboard 
t h e  "Lunokhod" was s tud ied  c a r e f u l l y .  I t  seemed t h a t  everything would be very 
simple. During t h e  e c l i p s e ,  t h e  l i d  containing t h e  s o l a r  b a t t e r i e s  would be 
closed,  t h e  device would "sleep" f o r  3 hours,  and then t h e  experiment would 
continue. 

But t h i s  simple so lu t ion  could not  be c a t r i e d  ou t ,  because a t  t h e  time t h e  
e c l i p s e  began t h e  "Lunokhod" was outs ide  t h e  zone of  r a d i o v i s i b i l i t y  o f  t h e  
Center for Remote Space Communications. 

The l i d  could be closed earlier,  but then  t h e  se l f -p rope l l ed  machine with 
i t s  closed l i d  would be beneath t h e  b o i l i n g  rays o f  t h e  Sun f o r  about 10.5 
hours (3  hours before  t h e  e c l i p s e  and 7 hours a f te rward) .  
were closed,  t h e  co ld  c i r c u i t  r a d i a t o r  would be loca ted  underneath a t h i c h  
l a y e r  o f  sh i e ld ing  and vacuum i n s u l a t i o n  and could not ca r ry  out  i t s  func t io r  
of r a d i a t i n g  hea t  i n t o  space.  
overheat ing . 

And i f  t h e  l i d  

Consequently, t h e  "Lunokhod" could be k i l l e d  by 

I t  was the re fo re  decided t o  leave  t h e  l i d  (and consequently t h e  s o l a r  
b a t t e r y  panel)  open and t o  c a r r y  out an engineer ing experiment: 
t h e  elements o f  t h e  s o l a r  b a t t e r y  would behave under t h e  condi t ions  of t h e  
b r i e f  lunar  n ight  when t h e  temperature fe l l  t o  -100' Cels ius .  
s tand  such a harsh test  or would it break down? 

t o  f i n d  out  how 

Would it with- 

The unusual th ing  about t h i s  experiment was t h e  fact t h a t  t h e  "Lunokhod" 
w a s  i n  t h e  working pos i t i on  during t h e  lunar  n igh t .  

Thus, t h e  10th o f  February came. 
For more than 3 hours t h e  se l f -propel led  device was exposed t o  t h e  

A t  0940 t h e  Earth shadow raced across  
t h e  Moon. 
condi t ions of lunar  n ight ,  and it was only 7-1/2 hours after t h e  end of  t h e  
e c l i p s e  t h a t  it was poss ib l e  t o  communicate with it and f i n d  out how t h e  system 
I' f e l t  If .  

I 

The tests t h a t  were performed indica ted  t h a t  under condi t ions  s i m i l a r  t o  
lunar  n igh t ,  f o r  a per iod o f  3 hours ,  t h e  temperature r egu la t ing  system had 
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succeeded i n  completely maintaining t h e  des i r ed  thermal regime i n  t h e  "Lunokhod" 
compartments. 
I t  was ready t o  move forward. 

The s o l a r  b a t t e r y  had a l s o  r e t a ined  complete working capac i ty .  

On t h e  10th and 11th o f  February t h e  l'Lunokhod" covered 509 meters. The 
t o t a l  pa th  which i t  covered across  t h e  Moon was now 4,813 meters. 

During t h e  per iod from t h e  12th t o  t h e  1Sth of  February s c i e n t i f i c  
measurements were performed i n  t h e  s t a t i o n a r y  pos i t i on .  
suspended due t o  t h e  fact t h a t  t h e  Sun was high above t h e  horizon. 

Movement had been 

During t h e  next 4 days from t h e  15th t o  t h e  18th of February t h e  "Lunokhod" 
During t h i s  time it c a r e f u l l y  moved genera l ly  northward and covered 411 meters. 

examined formations t h a t  had been spot ted  on t h e  11th o f  February and had not  
been previously seen i n  areas occupied by t h e  lunar  Maria. 

As we a l ready  know, t h e  f ea tu res  o f  t h e  relief o f  t h e  lunar  Maria include 
c r a t e r s  with walls, s tones  o r  p i l e s  o f  s tones ,  small  c r a t e r s  and furrows. 

One formation t h a t  was found ( i t s  dimensions turned out  t o  be much g r e a t e r  
than 500 meters) could not  be c a l l e d  a crater.  Rather,  t h i s  was composed of 
d i s t i n c t i v e  terraces which rose  i n  s t e p s  above t h e  rest  o f  t h e  su r face  of t h e  
Mare. 

The "Lunokhod" managed t o  climb up one s t e p ,  then a second, and then 
continued moving along a comparatively f l a t  a rea .  
l ava  hardened i n  t h i s  fashion after being forced up out  o f  t h e  lunar  core  onto 
a comparatively f l a t  sur face .  As a r e s u l t ,  depos i t s  with complicated p r o f i l e s  
were formed on t h e  lunar  sur face .  

I t  may be assumed t h a t  t h e  

Hence, our  understanding o f  t h e  mic ro re l i e f  o f  t h e  lunar  Maria has been 
expanded by means of t h e  "Lunokhod". 

Thus, day f o u r  had come t o  and end. On t h e  19th o f  February t h e  "Lunokhod" I 

"selected" a p lace  f o r  spending t h e  next  night. and remained t h e r e  u n t i l  t h e  
6 th  of March. 

The Resul t s  o f  Day Four 

As reported i n  t h e  Fass  Reports,  t h e  planned program f o r  t h e  3 months of 
opera t ion  of  "Lunokhod-1" on t h e  lunar  surface had been completed. 

The development of an automatic s e l f -p rope l l ed  device t h a t  was t h e  first 
i n  h i s t o r y  t o  i n v e s t i g a t e  t h e  Moon by means o f  automatic devices  had opened 
up t h e  p o s s i b i l i t y  o f  car ry ing  out  s c i e n t i f i c  experiments not  only a t  t h e  point  
where t h e  apparatus  landed, but  as var ious d i s t ances  from t h a t  po in t .  
distance covered by t h e  "Lunokhod" i n  4 luna r  days was 5,228 meters. 

The t o t a l  

The "Lunokhod" made it poss ib l e  t o  examine l a r g e  a reas  - i n  4 lunar  days,  
an a r e a  of near ly  300,000 square  meters had been s tudied .  
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I t  had been poss ib le  t o  s tudy  not only t h e  physical  and chemical c m p o s i t i o n  / l o6  
of t h e  cover but a l s o  t o  ob ta in  a g rea t  deal  o f  information regarding t h e  
s t r u c t u r e  of  t h e  lunar  su r face  thanks t o  t h e  t e l e v i s i o n  p i c t u r e s  t ransmi t ted  t o  
Earth.  

After 4 lunar  days,  a t o t a l  of 200 d i r e c t  measurements of  t h e  p rope r t i e s  
of  t h e  s o i l  and i n  i t s  na tu ra l  loca t ion  had been c a r r i e d  o u t .  

Analysis of  t h e  d a t a  t h a t  had been obtained showed t h a t  t he  s o i l  along t h e  
route  cons is ted  o f  f i n e  grained ma te r i a l ,  reminiscent i n  i t s  bas i c  p rope r t i e s  of  
vo lcanic  sand. 

The depth o f  t h e  f r i a b l e  l a y e r  w a s  6 t o  8 cent imeters  and t h e  upper l aye r ,  
1-2 cent imeters  t h i c k ,  was more f r iz .b le  and had a weak supporting capac i ty .  
The prop,*r t ies  of t h e  f r i a b l e  l aye r  were not uniform. 
va r i ed  within wide limits from 0.2 t o  1.1 kg/cm2. 
and t h i s  meant t h a t  its carru-ing capac i ty  was considerably increased.  

The support ing capaci ty  
The top  l aye r  compacted well 

The resistance of t h e  top  l a y e r  t o  r o t a r y  c u t t i n g  was a l s o  constant  and 
var ied  from 0.02 t o  0.09 kg/cm'. 

A s  t h e  r e s u l t  o f  t h e  i n t e r p r e t a t i o n  of t h e  spectrograms which were recorded 
by means o f  t h e  ''Rifma'' inst rument ,  t h e  first da ta  were gained on t h e  elements 
composing t h e  upper l aye r ,  ind iv idua l  rocks and i n  many ins tances  t h e  bedrock. 
The rocks were found t o  contain aluminum, calcium, s i l i c o n ,  i r o n ,  magnesium, 
t i t an ium and o t h e r  elements.  

The new d a t a  obtained by t h e  "Lunokhod" confirmed t h e  general  opinion 
concerning t h e  o r i g i n  o f  t h e  apper  l a y e r  ( r ego l i th )  from bedrock of t h e  b a s a l t  
type and made it poss ib l e  t o  determine t h e  changes i n  t h e  chemical composition 
as a funct ion of t h e  morphological c h a r a c t e r i s t i c s  of t h e  area i n  ques t ion .  

On t h e  b a s i s  of t h e  ana lys i s  of  t h e  t e l e v i s i o n  images o f  t h e  loca l e ,  te le-  
photometric panoramas and t h e  d a t a  from telemetric measurements of t h e  t i l t ,  
l i s t  and d i s t ance  covered, d e t a i l e d  topographic c h a r t s  o f  t h e  rou te  were pre-  
pared as well as prel iminary geological-morphological diagrams of ind iv idua l  
regions.  

From t h e  na tu re  o f  t h e  f r i a b l e  su r face  of  t h e  l a y e r ,  t h e  number of  c r a t e r s  
and s tones ,  t h e  a r e a  o f  Mare Imbrium which was s tud ied  was s i m i l a r  t o  t h e  
previously s tud ied  More regions of t h e  equa to r i a l  zone of t h ?  Moon (except f o r  
t h e  new formations,  t h e  9 xraces, which were found).  This  i nd ica t e s  t h a t  t h e  
processes  of  formation of t h e  su r face  of  t h e  luna r  Maria were t h e  same. 

I 

The f i rs t  d a t a  have been obtained on t h e  d i s t r i b u t i o n  of c r a t s r s  ranging 

I t  was found t h a t  t h e  number of  f r e s h  sr.al1 craters with 
from 1 t o  30 meters i n  diameter i n  Mare Imbr im which belong t o  var ious  mor- 
phological  classes. 
c l e a r l y  def ined shapes i s  i n s i g n i f i c a n t  i n  t h e  re l ie f ;  t h e r e  is  a predominance 
of c r a t e r s  with smooth shapes o f  earlier o r i g i n .  
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* 

T h i s  ind;cates  t h a t  t h e  process of formation of c r a t e r s  is  proceeding 
extremely slowly on t h e  Moon and tha t  t h e  "older" a c r a t e r ,  t h e  s o f t e r  i t s  
shape. 
nature .  

In t h e  majori ty  of c r a t e r s  t h e  o r i g i n  appears t o  be of  a shock-explosive 

Stones w i t h  rounded edges a r e  o l d e r  than s tones  w i t h  sharp edges. The 
occurrence of most s tones  on t h e  su r face  have t c j  do w i t h  t h e i r  e j e c t i o n  from a 
c r a t e r ;  t h e  smaller s tones are f u r t h e r  from t h e  c r a t e r .  

4board t h e  "Lunokhod", t h e  f i r s t  experiment aimed a t  using t h e  Moon as  a 
base f o r  studying t h e  remcite regions of t h e  Universe using t h e  x-ray te lescope 
was performed. 
phe r i c  astronomv. 
t e l e scope  have made it poss ib l e  t o  c a r r y  out prolonged accumulation of s i g n a l s  
even from x-ray sources with very low radiatio.1 l e v e l s .  

This i s  an important new s t e p  i n  t h e  development of  extraatmos- 
Observations performed on t h e  Moon by means o f  t h e  x-ray 

I t  was found that. t h e  con t r ibu t ion  of  g a l a c t i c  r a d i a t i o n  t o  t h e  d i f f u s e  
background i s  small and t h a t  d i s c r e t e  x-ray sources were found which l i e  ou t s ide  
t h e  plane of t h e  Galaxy. Two o f  t h e s e  sources a r e  comparatively s t rong .  

By means of  radiometers mounted on t h e  "Lunokhod", i n t e r e s t i n g  da ta  were 
obtained on the  r a d i a t i o n  s i t u a t i o n  on t h e  su r face  of  t h e  Moon, t h e  f luxes  of 
corpuscular r a d i a t i o n ,  including r a d i a t i o n  caused by a s e r i e s  of f l a r e s  on t h e  
Sun which took p l ace  on 11 and 12 December 1970. 

An i n t e r e s t i n g  f a c t  which confirms the  low level of r a d i o a c t i v i t y  of t h e  
lunar su r face  ( e s t ab l i shed  previous ly  by t h e  luiiar s t a t i o n s )  and t h e  screening 
e f f e c t  of  t h e  body of t h e  Moon is  t h e  decrease by approximately a f a c t o r  of 2 
i n  t h e  i n t e n s i t y  of  t h e  g a l a c t i c  cosmic r a d i a t i o n  following t h e  landing of t h e  
"Luna-17" s t a t i o n  on t h e  su r face  of t h e  Moon. 

I t  is  important t o  note  t h a t  t h e  d a t a  from measurements were made by meacs 
of t h e  x-ray te lescope and t h e  radiometer a r e  of  unique s i g n i f i c a n c e  f o r  
science,  inasmuch as i t  was completely impossible t o  ca r ry  out a study of  x-ray 
r ad ia t ion  from Earth because of t h e  ex i s t ence  of t h e  r a d i a t i o n  b e l t ,  t h e  
magnetosphere, ionosphere and atmosphere, while t h e  radiometer mounted on t h e  
"Lunokhod" measured t h e  f luxes  o f  cosmic rays pr imari ly  i n  t h e  energy range 
which is  not a v a i l a b l e  t o  inves t iga t ion  from t h e  Earth due t o  t h e  sh i e ld ing  
act ion of  t h e  atmosphere. 

During t h e  lunar n i g h t s ,  s e s s ions  involving laser loca t ion  by means of the  
angular r e f l e c t o r  were c a r r i e d  o u t ,  using t h e  instrument manufactured by French 
s c i e n t i s t s  and mounted on t h e  "Lunokhod." Clear r e f l e c t e d  s i g n a l s  were obtained 

t 

These experiments were performed i n  order  t o  have p r e c i s e  measurement of  
t h e  d i s t ance  from t h e  Earth t o  t h e  Moon. I n  add i t ion ,  t h e  l a s e r  locat ion method 
makes it poss ib l e  t o  study t h e  i n t r i n s i c  r o t a t i o n  and l i b r a t i o n  of t h e  Moon and 
t o  get  a p rec i se  idea of t h e  p o s i t i o n  of individual  formations on t h e  lunar  
sur face .  

104 



The successful  performance by t h e  "Lunokhod-1" o f  i t s  3 month program 
including t h e  f l i g h t  o f  t h e  "Luna-17" s t a t i o n ,  soft landing i n  t h e  spec i f i ed  
region o f  Mare Imbrium, descent o f  t h e  "Lunokhod" from t h e  landing platform,  
t h e  5-kilometer d r i v e  over t h e  lunar  wasteland, t h e  performance o f  complex 
s c i e n t i f i c  s t u d i e s ,  etc.  a l l  confirm t h e  cor rec tness  of t h e  engineering so lu t ions  
adopted and t h e  high l eve l  of  r e l i a b i l i t y  of a l l  of  t h e  elements,  systems snd 
designs of t h e  "Lunokhod", as  well as t h e  ground systems f o r  cont ro l  and ob- 
serva t ion .  

/ l o8  

A s  a r e s u l t  of t h e  success fu l lv  performed experiment, t h e  s c i e n t i s t s  and 
t h e  engineers  had acquired a considerable  amount of p r a c t i c a l  experience i n  t h e  
opera t ion  of  a mobile s c i e n t i f i c  labora tory  on t h e  Moon and they had gained 
p r a c t i c a l  knowledge which was necessary f o r  t h e  development of new automatic 
apparatus  f o r  use i n  space.  

In t h e  course of  t h e  3 month of work i n  t h e  Moon, a l l  o f  t h e  onboard systems 
of t h e  "Lunokhod" had functioned normally. 
s c i e n t i s t s  and t h e  engineers  t o  cont inue t h i s  unique experiment on t h e  Yoon. 

This made it poss ib l e  f o r  t h e  

The F i f t h  Day of t h e  "Lunokhod" -According t o  t h e  Supplementary Program 

On t h e  6th of March 1971, t h e  "Lunokhod" greeted t h e  morning f o r  t h e  5 t h  
time. Slow'iy, t h e  burning d i s c  of  t h e  Sun rose  above t h e  l i fe less  horizon. 

The anboard r ad io  system received t h e  first command t ransmi t ted  from Earth 
and began a new working day f o r  t h e  "Lunokhod", a s  a r e s u l t  o f  which a broad 
supplemeatary program o f  s c i e n t i f i c  and t echn ica l  experiments was c a r r i e d  o u t .  

A t  t h e  end o f  t h e  4 th  day, t h e  panoramas showing t h e  path ahead of  t h i s  
Fe l f -propel led  device had shown an e leva t ion .  
e i t h c r  t h e  wall o f  a l a r g e  crater o r  a h i l l .  
5 th  day, it was decided t h a t  t h i s  lunar  formation would be i n v e s t i j a t e d .  

I t  was suggested t h a t  t h i s  was 
According t o  t h e  program o f  t h e  

As a result of  observat ions t h a t  had been made, it was confirmed t h a t  t h e  
"Lunokhod" had reached a crater about 500 meters i n  diameter  and t h e  e l eva t ion  
which was seen at  t h e  end of  t h e  4 th  day was t h e  wall of t h i s  c r a t e r .  

After def in ing  t h e  s p e c i f i c s  of  t h e  program of research ,  i t  was decided t o  
check t h i s  crater ou t  i n  d e t a i l .  

The "Lunokhod" went around t h e  crater along i ts  nor theas te rn  edge. Then 
%he machine descended t o  t h e  bottom o f  t h e  crater along t h e  s lope .  
was t h e  wall of t h e  second crater, abo*!t 200 meters i n  diameter, i n s i d e  t h e  l a rge  
crater . 

Here t h e r e  

The "Lunokhod" crossed t h e  ha l f -k i lometer  c r a t e r  over  i t s  northern i n t e r n a l  
s lope ,  emerged at  i ts  western l i m i t  and descended i n t o  t h e  zone o f  the e j e c t a  
of  lunar  s o i l  at  a d i s t ance  cf 150 meters from i ts  edge. 
of t h e  f i f t h  lunar  day t h e  southern s lopes  cf t h e  l a rge  sr4 small  c r a t e r s  were 
s tudied .  

In t h e  second h a l f  

105 



As a r e s u l t  o f  t h e  ana lys i s  o f  t h e  lunar  panoramas, t e l e v i s i o n  p i c t u r e s  and 
telemetric information i t  was cor,firmeA t h a t  t h e  diameter o f  t h e  l a r g e  c r a t e r  
was 540 (+20) meters and t h a t  o f  t h e  small one was 240 ( ? l o )  meters. The s lopes  
o f  t h e  l a rge  crater had a small angle  of about 15 degrpes while those of t h e  
smaller one were about 20 degrees .  The wall of t h e  l a rge  c r a t e r  was b lu r red  
and i t s  a l t i t u d e  was no more than 3 t o  4 meters, while :.he small c r a t e r  had a 
much more c l e a r l y  defined wall and i t s  height  was 5 t o  6 n e t e r s .  

In t h e  northwestern p a r t  o f  t h e  l a r g e  c r a t e r ,  a comparatively "young" 
ci-ater about 30 meters i n  diameter w a s  found. 

I t s  woll has t h e  c h a r a c t e r i s t i c ,  sha rp ly  de l inea ted  o u t l i n e  t h a t  d i s -  
t i ngu i shes  it from t h e  "older" c r a t e r s  and was made up o f  rocks measuring from 
20 t o  40 cent imeters  i n  diameter. 

Eject ion of t h e s e  s tones  could be t r aced  t o  a d i s t ance  o f  up t o  90 meters 
from t h e  edge o f  t h e  crater.  Undoubtedly t h e  c r a t e r s  of t h i s  kind were formed 
as t h e  r e s u l t  of t h e  c o l l i s i o n  o f  a meteor i t e  with t h e  lunar  su r face  and t h e i r  
s tudy is o f  g r e a t  s c i e n t i f i c  i n t e r e s t  f o r  an understanding o f  t h e  shock-explosive 
mechanism o f  t h e i r  formation. 

I t  should be pointed out  t h a t  t h e  movement of t h e  "Lunokhod" was c a r r i e d  
ou t  under very unfavorable condi t ions on t h i s  day. As it t r ave led ,  t h e  
"Lunokhod" encountered o b s t a c l e s  one a f te r  t h e  o t h e r ,  i n  t he  form of a g r e a t  
many c r a t e r s  ranging i n  diameter from 1 t o  40 meters and p i l e s  of s tones  which 
were impossible t o  ;o around f o r  topographic reasons and t h e  "Lunokhod" had 
t o  climb over them. 

A t  t hese  times, t h e  automatic p r o t e c t i c n  o f  t h e  "Lunokhod" had t o  be 
switched o f f ,  s i n c e  t n e  tilt and l ist  angles exceeded t h e  permissible  ca l cu la t ed  
values and reached 2 5  t o  30°. 

Regardless o f  t h e  numerous o b s t a c l e s  posed by t h e  complex topographic 
condi t ions o f  the t e r r a i n  and t h e  s c i e n t i f i c  s t u d i e s  t h a t  had t o  be c a r r i e d  
o u t ,  as a r e s u l t  o f  which t h e  t o t a l  time spent moving by t h e  "Lunokhod" during 
t h e  5 t h  day was less than on any o f  t h e  previous days,  t h e  d i s t a n c e  covered by 
t h e  self-propel led device was 2,004 meters! 

This i s  more than on any of t h e  preceding days. The average v e l o c i t y  
da r ing  t h e  moversnt s e s s ions  was about 100 meters an hour. 
because of t h e  experience gained by t h e  crew of t h e  "Lunokhod" and t h e  con t ro l  
group, as well as t h e  j o i n t  s t a t i s t i ca l  a n a l y s i s  o f  t h e  var ious parameters 
obtained both by means of te lemetry and by means of t e l e v i s i o n  and te lephoto-  
metric devices aboard the  "Lunokhod". 

This was poss ib l e  

Thus, f o r  example, i n  r e f i n i n g  t h e  course t o  be followed by t h e  "Lunokhod" 
s imdtaneous  a t t e n t i o n  was given t o  examining and analyzing t h e  readings o f  t h e  
phofogrametric measurements o f  t h e  t e l e v i s i o n  images o f  t h e  Sun, s o l a r  shadows, 
l oca l  lanchirks,  and t h e  readings of t h e  sensors  which indicated t h e  p o s i t i o n  
of angles of t h e  narrou-beam antenna and t h e  p h o t o e l e c t r i c  Sun s e n s i r .  
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A s  a r e s u l t ,  t he re  was a reduct ion o f  t h e  time expended i n  moving and 
consizerable  increase  i n  t h e  length of  t h e  rou te  during each movement se s s ion ,  
which a l s o  made it poss ib le  t o  increase  t h e  length of time used f o r  car ry ing  out  
s c i e n t i f i c  experiments. 

On t h e  n ight  of  t he  12th t o  t h e  13th of March 1971, t h e  "Lunokhod" covered 
t h e  6 th  kilometer of  i t s  lunar  d r i v e ,  unprecedented i n  t h e  s tudy of space,  
and on t h e  night  f r o m  t h e  18th t o  t h e  19th of March i t  began t o  t r a v e l  i t s  8 th  
kilometer,  and by t h e  end of t he  Sth lunar  day (20 blarch) t h e  t o t a l  d i s t ance  
covered by t h i s  se l f -propel led  machine was 7,232 meters, and t h e  area of t h e  
Moon which had been exmined measured more than 400,000 square meters! 

A s  a r e s u l t  o f  t h e  more a c t i v e  operat ion of a l l  systems of t h e  "lmokhod" 

hea t ,  and i n  o rde r  t o  maintain t h e  normal thermal condi t ion within t h e  i n s t r u -  
ment housing, t h e  supplementary water evaporation system f o r  coo1ir.g was turned 
on f o r  t h e  first time, which successfu l ly  withstood i ts  tes t .  

/110 during the  f i f t h  lunar  day t h e r e  was a sharp increase  i n  t h e  l i b e r a t i o n  of  -- 

During t h e  f i f t h  lunar  day, a wide range of s c i e n t i f i c  s t u d i e s  were 
ca r r i ed  out .  

A t  t he  beginning of t h e  day, as t rophys ica l  and cosmophysical s t u d i e s  ;.ere 
ca r r i ed  ou t ,  and observat ions were made of  t h e  s o l a r  corana and t h e  sun r i se .  

Over t h e  e n t i r e  d i s tancc  t h a t  w a s  t r ave led ,  t h e r e  were systematic pene- 
t r a t i o n s  o f  t h e  lunar  s o i l .  
because they were of  i n t e r e s t  t o  geologis t s ,  s t u d i e s  of t h e  chemical composition 
of t h e  s o i l  were made. These s t u d i e s  were i n i t i a l l y  ca r r i ed  out i n  t h e  a rea  of 
t h e  sur face  t h a t  was i l l w n i n a t d  by t h e  Sun's rays ,  but l a t e r ,  a f t e r  t h e  
"Lunokhod" had turned around, they were performed on t h e  areas t h a t  were shaded 
bj t h e  body of t h e  "Lunokhod." 

A t  t h e  p laces  where t h e  "Lunokhod" stopped, 

As a r e s u l t  of these  experiments, valuable  d a t a  were obtained which made 
it poss ib le  for scientists t o  eva lua te  t h e  e f f ec t iveness  of  t h e  c h a r a c t e r i s t i c  
r ad ia t ion  of t h e  lunar  s o i l  under thc inf luence  of s o l a r  corpuscular f luxes  
and t o  spec i fy  t h e  individual  c h a r a c t e r i s t i c s  of t h e  spec t r a  of s o l a r  and 
ga l  act i c  cosmic r ad ia t ion .  

The panoramic te lephotometr ic  and t e l e v i s i o n  p i c tu re s  of t h e  lunar  su r face  
provided a r i c h  volume o f  material t9 se l eno log i s t s  coricerning t h e  l a rpe  new 
lunar  formation, t h e  system of two l a rge  c r a t e r s ,  which was found on t h e  rou te  
of t h e  "Lunokhod". 

The t e l e v i s i o n  and t e l eme t r i c  information t h a t  had been obtained made i t  
poss ib le  t o  d e t e m i n e  t h e  p rec i se  dimensions and configurat ion of  t hese  c r a t e r s ,  
t he  p r o f i l e s  of t h e i r  s lopes ,  t h e  d i s t r i b u t i o n ,  shape and exact dimensions of  
individual  c h a r a c t e r i s t i c  formations within t h e  crater,  as well as t o  put 
toge ther  a slorphological desc r ip t ion  o f  t h e  region i n  quest ion.  
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In addi t ion ,  t h e  p i c tu re s  t h a t  were taken allowed cont inua t ion  of t h e  
c o l l e c t i o n  of s ta t is t ical  da t a  on t h e  shapes and si te,  o f  craters and s tones  
found on t h e  lunar  sur face .  

During t h e  lunar  noon from 14 t o  16 March, when t h e  "Lunokhod" was i n  a 
s t a t i o n a r y  pos i t i on ,  cosmophysical s tud ie s  were c a r r i e d  out  and c o l l e c t i o n  of  
t e l eme t r i c  d a t a  on t h e  funct ioning o f  t h e  onboard systems was performed. 

I t  was not poss ib l e  t o  complete t h e  study of  t h i s  group o f  c r a t e r s  and t o  
leave t h e  l a r g e  crater a l l  i n  t h e  course o f  t h e  f i f t h  lunar  day. The.-e was too  
much of  i n t e r e s t  f o r  s c i e n t i s t s  t h a t  had been found i n  t h i s  region of t h e  lunar  
su r face ,  bounded by t h e  wall of  t h e  500 meter c r a t e r ,  but t h e  lunar  day was 
drawing t o  an end. 

The "Lunokhod" stopped on t h e  19th of March f o r  i t s  next "night." I t s  

The f i f t h  n ight  o f  t h e  "Lunokhod" came 
o r i e n t a t i o n  was c a r r i e d  o u t ,  t h e  e l e c t r i c a l  power supply was charged, and t h e  
l i d  was closed,  t h e  Sun set slowly, 
and t h e  f i f t h  month of  i t s  s t a y  on t h e  Moon began. 

The supplementary program of research  f o r  t h e  f i f t h  day had been completed 
i n  f u l l .  

The onboard systems and s c i e n t i f i c  apparatus  of  t h e  "Lunokhod" were 

working capac i ty  of t h e  d r i v e  mechanism of t h e  "Lunokhod", not  t o  mention a l l  
of  i t s  systems. Four months without any prevent ive measures o r  r e p a i r s  under 
t h e  most d i f f i c u l t  condi t ions  s t i l l  d id  not make t h e  "Lunokhod" i n t e r r u p t  i t s  
work. 

funct ioning normally. I t  i s  q u i t e  na tu ra l  t o  wonder a t  t h e  r e l i a b i l i t y  and /111 

Dav S ix  -Not t h e  Last 

Regardless o f  t h e  good ind ica t ions  o f  t h e  telemetric information concerning 
t h e  s ta te  of  t h e  onboard systems obtained f r o m  onboard t h e  "Lunokhod" during 
t h e  f i f t h  n igh t ,  t h e  e n t i r e  cont ro l  group and t h e  crew waited anxiously f o r  t h e  
6 th  day and t h e  second one o f  opera t ion  on t h e  supplementary program. 

The sun rose  on t h e  6 th  of Apr i l .  The l i d  of  t h e  s c l a r  b a t t e r y  opened, 
t h e  electrical power flowed i n t o  t h e  b a t t e r i e s ,  and t h e  "Lunokhod", obeying t h e  
w i l l  o f  t h e  crew, again headed out  across  t h e  lunar  wasteland. 

The first problem was t o  escape from t h e  system o f  two l a rge  craters and 
cont inue moving i n  a northwester ly  d i r ec tLon .  

During t h e  n ight  of t h e  8 t h  and 9th  of  Apri l  t h e  s tudy  of  t h e  system o f  
t h e  two l a r g e  craters which had begun more than 1-1/2 months ear l ier  was 
completed. 
scended t h e  north o u t e r  s lope  o f  i t s  wall  and again climbed up t h e  north inner  
s lope  o f  t h e  500 meter crater. 
t h e  se l f -propel led  device came upon t h e  t r a c k  t h a t  it haci l e f t  behind on t h e  
5 th  lunar  day. Coming upon t h i s  o l d  track made it  poss ib l e  t o  eva lua te  once 

During t h i s  s e s s ion  t h e  "Lunokhod" le f t  t h e  200 meter c r a t e r ,  de- 

Moving along t h e  wall o f  t h e  l a r g e  crater ,  
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more t h e  accuracy of t h e  navigat ion system of t h e  "Lunokhod", t h e  navigat ional  
s k i l l  o f  t h e  crew and t o  a s c e r t a i n  with considerable  accuracy t h e  loca t ion  of 
t h e  apparatus on the  lunar  sur face .  

By t h e  end o f  t h i s  sess ion ,  t h e  path t r ave led  by t h e  "Lunokhod" t o t a l l e d  
7,770 meters. 

A s  an ana lys i s  of  t h e  t e l eme t r i c  information showed, t h e  radiometer of  t h e  
"Lunokhod" had recorded a considerable  increase  i n  t h e  i n t e n s i t y  of corpuscular  
f luxes  o f  s o l a r  cosmic r a d i a t i o n  during t h e  period from t h e  7 th  t o  t h e  10th of 
Apr i l .  
almost a thousand times g r e a t e r  than t h e  background l eve l .  This increase  i n  
i n t e n s i t v  was caused by a s o l a r  f l a r e  which took p lace  on t h e  6 th  of April  
and was recorded by ground observa tor ies .  

Thus, on t h e  7th of Apri l  t h e  i n t e n s i t y  of t h e  low-energy protons was 

Continuing t o  move forward, t h e  "Lunokhod" found a new c r a t e r  on i t s  path 
during t h e  night  of t h e  10th and 11th of Apr i l ;  because of  its unusual shape, 
t h i s  c r a t e r  was o f  g rea t  i n t e r e s t  t o  t h e  se l eno log i s t s .  

The curva ture  of t h e  o u t e r  s lope  of  t h e  c r a t e r ,  formed by a l a rge  accumula- 
t i o n  of s tones and fragments, was 30 degrees o r  more. 

The gmund i n  f r o n t  o f  t h e  c r a t e r  was a l s o  s c a t t e r e d  with a l a rge  number of 
s tones  with a dens i ty  o f  d i s t r i b u t i o n  t h a t  was 80 t o  100 times g r e a t e r  than 
i n  t h e  f l a t  areas of  t h e  lunar  Maria t h a t  had been s tudied .  Individual  s tones  /112 
found along t h e  rou te  measured as much as 3 meters. 

In t h e  opinion o f  t h e  se l eno log i s t s  t h i s  c r a t e r  which had a diameter of 
severa l  dozen meters was t h e  youngest of  a l l  of those found thus f a r .  

I t  w a s  decided t o  ca r ry  out  a complex inves t iga t ion  of  t h e  c r a t e r  using 
a l l  of  t h e  means ava i l ab le  aboard t h e  "Lunokhod." 

I t  must be pointed out  t h a t  t h e  Moon had prepared a s u r p r i s e  for t h e  crew, I 

opera tors  and cont ro l  group t h a t  no one expected. Every meter t r ave led  was 
l i t e r a l l y  a b a t t l e ,  and movement was accomplished as a r u l e  w i t h  t he  s a f e t y  
systems of  t h e  "Lunokhod" shut  o f f .  
a l aye r  of s tones  of var ious  sizes and shapes,  secondary . - - a t e r s  and a f r i a b l e  
layer  of s o i l  20 t o  30 cent imeters  t h i c k  formed t h e  rtost i m r e d i b l e  and i m -  
penetrable  labyr in ths .  
80 t o  90%. 

The s t e e p  s lopes  of  t h e  c r a t e r ,  covered by 

The rate of  skidding of  t h e  wheels i n  some areas  reached 
The "Lunokhod" was encountering these  condi t ions  f o r  t h e  first time. 

I t  is important t o  point  out once more t h e  considerable  r e l i a b i l i t y  of 
t h e  d r ive  mechanism of t h e  "Lunokhod", the s k i l l  and endurance of t h e  crew, 
who, under these  incredib ly  d i f f i c u l t  condi t ions ,  when dangerous s i t u a t i o n s  
a rose  a t  almost every i n s t a n t ,  adopted t h e  co r rec t  so lu t ions .  
among t h e  craters and t h e  s tones ,  sometimes climbing over obs t ac l e s ,  t h e  
"Lunokhod" climbed over tne o u t e r  s lope  of  t h i s  crater and descended down t h e  
inner s lope  t o  t h e  p lace  wheie t h e  angle  of  t h e  s lope  reached a c r i t i c a l  value 
f o r  t h e  se l f -p rope l l ed  apparatus .  

Maneuvering 

I t  could not go f u r t h e r .  The d i s t ance  
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covered along t h e  s lopes  of  t h e  c r a t e r  t o  t h e  s topping poin t  was about 100 
meters. 

After car ry ing  ou t  s c i e n t i f i c  tests and t r ansmi t t i ng  a number of t e l e v i s i o n  
and te lephotometr ic  panoramas o f  t h e  surrounding t e r r a i n ,  t h e  automatic device  
began t o  leave t h e  rocky jungle .  
lem admirably. 
open space between t h e  craters. 

The crew o f  t h e  "Lunokhod" handled t h i s  prob- 
On t h e  13th o f  Apri l  they brought t h e  apparatus  out  onto t h e  

In view of t h e  fact t h a t  t h e  maneuvering o f  t h e  "Lunokhod" had taken p l ace  
i n  extremely complex co- ' i t i o n s  of  t h e  re l ief ,  it was necessary t o  use up 
p r a c t i c a l l y  a l l  o f  t h e  e l e c t r i c a l  ecerg, r e se rves .  Therefore t h e  following 
so lu t ion  was adopted: t h e  remaining per iod of t h e  6 t h  lunar  day would be 
devoted t o  rep len ish ing  t h e  sxpp l i e s  of electrical energy necessary f o r  t h e  
next "night" and t h e  performame o f  complex inves t iga t ions  with b r i e f  movements 
of t h e  I1Lunokhod". 

During t h e  6 t h  day, t h e  se l f -p rope l l ed  apparatus  had covered 1,029 meters 
o f  d i f f i c u l t  lunar  t e r r a i n .  
was 8,261 meters; t h e  d i s t a n c e  o f  t h e  "Lunokhod" from t h e  landing platform was 
1,080 meters t o  t h e  northwest o f  t h e  landing s i te .  

The t o t a l  d i s t ance  covered s i n c e  t h e  t r i p  began 

On t h e  20th of Apr i l ,  a t  t h e  p l ace  where t h e  "Lunokhod" was parked, t h e  
6 th  luna r  n ight  came on. 
obtained during t h e  next communication se s s ion  t h e  onboard systems o f  t h e  
"Lunokhod" were r e t a i n i n g  normal gpera t ing  capac i ty ,  t h e  pressure  i n  t h e  f i e l d  

According t o  t h e  d a t a  from t h e  t e l e m e t r i c  information 

/113 compartment was 755 nun of mercury and t h e  temperature was 28' Cels ius .  - 
I f  we sum up b r i e f l y  t h e  inves t iga t ions  c a r r i e d  out  by t h e  "Lunokhod" i n  

accordance with t h e  supplementary program during t h e  5 t h  and 6 t h  lunar  days, 
we can see t h a t  a considerable  volume o f  s c i e n t i f i c  d a t a  was co l l ec t ed  on t h e  
s t r u c t u r e  o f  t h e  l a r g e  craters and s tones ,  and d a t a  were a l s o  obtained on t h e  
c h a r a c t e r i s t i c s  of  t h e  su r face  l a y e r  o f  t h e  lunar  s o i l ,  t h e  a b i l i t y  of t h e  
"Lunok'lod" t o  s tudy  t h e  l a r g e  lunar  formations with complex topographic 
s i t u a t i o n s ,  and t h e  method was worked out  f o r  car ry ing  out  s i m i l a r  s t u d i e s .  

For more than 5 months now t h e  se l f -p rope l l ed  device had been inves t iga t ing  
t h e  Moon. The volume o f  s c i e n t i f i c  information concerning t h e  Moon which was 
obtained as t h e  r e s u l t  of t h e s e  s t u d i e s  was 100 times g r e a t e r  than t h a t  which 
had been obtained p r i o r  t o  t h e  "Lunokhod-1'' dur ing t h e  preceding s t u d i e s  
c a r r i e d  out  by means of automatic space devices .  

S c i e n t i s t s  a l l  over t h e  world gave high marks t o  t h e  capac i ty  of  t h e  
automatic s e l f -p rope l l ed  devices  and devices  t h a t  have re turned  following 
performance of s t u d i e s  on t h e  Moon and p l a n e t s  t o  Earth.  

"I am completely convinced t h a t  it is on t h e  shoulders  o f  such long l i ved  
se l f -p rope l l ed  automatic devices  as t h e  'Lunokhod-1 v t h a t  t h e  p r inc ipa l  burden 
f o r  s tudying t h e  p l ane t s  o f  t h e  solar system w i l l  be placed.  
car ry ing  out  sampling of t h e  soi l  and performing many o t h e r  opera t ions ,  w i l l  
open up unique p o s s i b i l i t i e s  t o  inves t iga to r s .  
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It seems to me that the exploration of space is especf-ally important for 
developing a clear idea of the place of man in the Universe. 
expanded our knowledge regarding the evolution of the solar system, how it 
arose, developed, and how long it has been in existence. 
problems but practical ones. Therefore the process of learning, it must be 
said, will increase enormously in the years to come. 
now what revolutionary consequences this can have for man in the future.. .I1 
These are the words of Harry Massy, a professor and chairman of the British 
National Committee on Space Exploration. 

They have already 

These are not abstract 

It is difficult to imagine 

The "Luna-l7" automatic station and the "Lunokhod-1'' have demonstrated 
in a most rational and economic fashion the solution of the most complicated 
problems involving the study of the Moon, planets and space. 

*** 
In 1970, Soviet science and technology wrote another bright and outstanding 

page in the history of the crlnquest of the Moon and planets of the solar system 
by means of automatic devices. 

For the first time in the history of cosmonautics: 

- the "Luna-16" automatic station had re:urned lunar soil to Earth; 

- the "Venus-7" automatic station had descended in the Venusian atmosphere 
/I14 and for 23 minutes had sent back scientific information from the surface of 

this scorched planet; 
- 

- the "Luna-17" automatic station had reached the surface of the Moon 
bringing with it the automatic self-propelled scientific laboratory "Lunokhod-I", 
which, after successfully carrying out its planned 3 month program of work, 
carried out a number of additional programs, and is continuing to study the 
Moon further for several months. 

These outstanding achievements of Soviet cosmonautics constitute a success 
not only for our scientists, engineers, technicians and workers, those who 
developed, built and ensured the successful flights of these stations and the 
performance of the unique experiments. 
greeting the 24th Congress of the Communist Party of the Soviet Union by its 
victories in the field of labor. 

This is a success for the entire nation, 

*** 

On the 4th of October 1971, the "Lunokhod-1" completed its scientific 
and engineering-technical studies on the Moon. 

Among the experiments that were carried out by the "Lunokhod" durin- the 
6th to 11th lunar days we could mention the following: 

- measurements of the characteristics of corpuscular and x-cosmic 
radiation, performed during the 9th lunar day together with automatic inter- 

a 
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plane tary  s t a t i o n s  "Mars-2", "Mars-3" and t h e  "Lunokhod." The r e s u l t s  o f  t h e s e  
measurements are i n  good agreement with each o t h e r ;  

- measurement o f  t h e  d i s t ance  from t h e  Earth t o  t h e  Moon, t h e  ra te  a t  
which t h i s  d i s t ance  changes and t h e  angular  v e l o c i t y  of t h e  movement of t h e  
Moon r e l a t i v e  t o  t h e  Earth.  These measurements were conducted i n  t h e  course of 
t h e  9 th  lunar  day by means o f  ground and onboard r ad io  systems. 
were used i n  s tudying t h e  o r b i t a l  movement of t h e  Moon and i ts  r o t a t i o n  around 
t h e  common cen te r  o f  mass of  t h e  Earth-Moon system; 

The r e s u l t s  

- a d e t a i l e d  s tudy of t h e  s t r u c t u r e  o f  t h e  lunar  su r face ,  c a r r i e d  out  by 
means of d e t a i l e d  panoramic photography of t h e  r o u t e  i n  t h e  course o f  t h e  
l imi ted  movements of t h e  "Lunokhod", made on t h e  11th lunar  day. 

The "Lunokhod" had completed i t s  t r a v e l s  among t h e  lunar  wastelands.  The 
ces sa t ion  o f  t h e  a c t i v e  work of t h e  "Lunokhod-1" was caused by t h e  na tu ra l  
exhaustion of t h e  supply o f  t h e  i s o t o p i c  heat  source which during t h e  11th lunar  
day led  t o  a decrease i n  t h e  temperature i n  t h e  instrument compartment below 
t h e  designated l .>vels .  

The successfu l  funct ioning of t h e  "Lunokhod-1" proved t h e  p o s s i b i l i t y  and 
f e a s i b i l i t y  of complex s c i e n t i f i c  s t u d i e s  of t h e  Moon on p lane t s  o f  t h e  s o l a r  
systelrr by means of  automatic s e l f -p rope l l ed  s c i e n t i f i c  l abora to r i e s .  

The "Lunokhod-1'' c a r r i e d  out  i t s  research  on t h e  su r face  of t h e  Moon be- - /115 
tween t h e  17th of November 1970 and t h e  4 th  o f  October 1971, f o r  322 days.  

This unique scient i f ic  experiaent  took p l ace  under unusual condi t ions  o f  
a vacuum of space,  increased r a d i a t i o n ,  considerable  temperature changes and a 
complex unknown lunar  relief. 

A l l  of t h e  programs o f  research ,  both t h e  bas i c  one l a s t i n g  3 months and 
t h e  add i t iona l  one, were c a r r i e d  out  completely.  

S tudies  o f  t h e  Moon and space were c a r r i e d  out  during t h e  lunar  day and 
lunar  n ight .  The nocturnal  s e s s ions ,  i n  c o n t r a s t  t o  t h e  ones i n  t h e  day, 
were c a r r i e d  out only  with t h e  "Lunokhod" i n  a s t a t i o n a r y  pos i t i on .  
t o  t h e  s c i e n t i f i c  s t u d i e s ,  a broad program o f  engineer ing and design tes ts  were 
c a r r i e d  out .  

In  add i t ion  

The "Lunokhod" saw t h e  Sun r ise  on t h e  Mom 11 times. One hundred and 
seventy-one times, it communicated with Eazth. I t s  wheels l e f t  a track 
10,540 meters long on t h e  Moon. As it moved along,  t h e  physical  p r o p e r t i e s  o f  
t h e  lunar  s o i l  were ascer ta ined  at more than 500 po in t s .  
t h e  rocks forming t h e  su r face  o f  t h e  Moon were subjec ted  t o  chemical ana lys i s .  
The t e l e v i s i o n  cameras o f  t h e  "Lunokhod" sen t  back about 25,000 p i c t u r e s  t o  
Eartn as t h e  machine moved along, and t h e  te lephotometers  t ransmi t ted  more than 
200 panoramas o f  t h e  lunar  sur face .  

Twenty-five times, 

f 
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Thanks t o  these  experiments, 500,000 square meters of lunar  su r face  were 
photographed and 80,000 square meters were examined i n  d e t a i l .  

In o rde r  t o  develoi, and analyze t h e  s c i e n t i f i c  and engineer ing design da ta  
obtained by t h e  means o f  t h e  "Lunokhod", it w i l l  be necessary t o  work f o r  a long 
per iod of  time. 

N e w  t r i p s  t o  t h e  p l ane t s  w i l l  be aimed a t  unknown routes  t o  d iscover  t h e  
But t h e  "Lunokhod-1'' w i l l  always remain f i r s t  secrets of  d i s t a n t  p lane ts .  

among them. I t  made t h e  f i rs t  track. I t  took t h e  first panorama. I t  made tne 
f irst  s c i e n t i f i c  s tud ie s .  

The last signTls from "Lunokhod-1" had hard ly  f a l l e n  s i l e n t  when t h e  s i g n a l s  
from t h e  "Luna-19" automatic s t a t i o n ,  launched on t h e  28th of September 1971 
began t o  reach Earth from o r b i t  around t h e  Moon; it had en tered  o r b i t  around 
(iur na tu ra l  sa te l l i te  a s  an a r t i f i c i a l  s a t e l l i t e  on t h e  3rd of October 1971. 

The p r inc ipa l  purpose o f  t h e  new automatic s t a t i o n  was t o  ca r ry  out  
s c i e n t i f i c  s t u d i e s  of  t h e  Moon and space near  t h e  Moon from t h e  o r b i t  of an 
a r t  i f i c i  a1 lunar  sat  e l  I it e. 

I t  i s  d i f f i c u l t  t o  overest imate  t h e  p o s s i b i l i t i e s  a f  a r t i f i c i a l  satel l i tes  
i n  s tudying heavenly bodies.  
it poss ib le  t o  d iscover  i t s  r a d i a t i o n  b e l t s ,  d i r e c t  d a t a  on t h e  composition and 
p rope r t i e s  o f  t h e  upper atmosphere and space around t h e  Earth were obta ined ,  
and new cosmic systems were developed f o r  meteorological and geodet ic  research .  

For example, a r t i f i c i a l  Earth sa te l l i t es  made 

The satellites have opened up a completely new s t a g e  i n  t h e  s tudy  and 
conquest o f  t h e  na tu ra l  resources  o f  Earth.  
d i f f i c u l t  t o  imagine how t h e  development o f  a number of t r ends  i n  sc ience  would 
have gone had not  a r t i f ic ia l  s a t e l l i t e s  and t h e  in fo rna t ion  been obtained from 
them been ava i l ab le .  

A t  t h e  present  time, i t  is 
- /I16 

I By means of lunar  saeel l i tes ,  one can: 

- study t h e  g r a v i t a t i o n a l  f i e l d  of  t h e  Moon and t h e  r a d i a t i o n  of t h e  
i n t r i n s i c  r a d i o a c t i v i t y  from i t s  s u r f a c e  layer ;  

- ob ta in  photographic and photo te lev is ion  images of  t h e  lunar  sur face .  

- Study t h e  c h a r a c t e r i s t i c s  -if space around t h e  Moon. 

The first g r a v i t a t i o n a l  s t u d i e s  o f  t h e  f i e l d  of t h e  Moon have made it 
poss ib l e  t o  de t ec t  s t rong  p o s i t i v e  anomalies i n  t h e  fo rce  of g rav i ty  (mascons) 
which co inc ide  with annular  l una r  Maria. 
has not  yet  been d e f i n i t e l y  explained,  is  of cons iderable  s c i e n t i f i c  i n t e r e s t .  

The s tudy  of  t h i s  phenomenon, which 

The first s t u d i e s  are t h e  r a d i o a c t i v i t y  of t h e  iunar  su r face  a r e  c a r r i e d  

These s t u d i e s  are of g rea t  s ign i f i cance  because they 
out  by t h e  'lLuna-lO" s t a t i o n  and continued by t h e  "Luna-12" s t a t i o n  by means 
of gamma spectrometers.  
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make it poss ib l e  t o  determine t h e  average composition of lunar  rocks over g rea t  
a reas .  

Photo te lev is ion  and photographic images o f  t h e  su r face ,  obtained by 
a r t i f i c i a l  lunar  s a t e l l i t e s ,  w i l l  make it poss ib l e  t o  determine t h e  charac te r -  
i s t i c s  o f  t h e  luna r  relief and t h e  geological  deciphering of  t h e  p i c t u r e s  t h a t  
are obtained w i l l  make it poss ib l e  t o  determine t h e  na tu re  of t h e  lunar  
s t r u c t u r e s  i n  t h e  processes  o f  t h e i r  formation. Thus, f o r  example, it ;ias been 
found t h a t  t h e  process  of formation of c r a t e r s  with diameters  less than  1 k i l o -  
meter is  b a s i c a l l y  o f  a shock-explosive na tu re ,  which was supported by t h e  
research c a r r i e d  ou t  by means of t h e  "Lunokhod-1." 

The l a rge  scale photographs and c h a r t s  of t h e  lunar  su r face  a r e  necessary 
f o r  s e l e c t i n g  po in t s  at  which t o  c a r r y  out  f u r t h e r  s t u d i e s  o f  t h e  Moon. 

By car ry ing  out  s t u d i e s  o f  t h e  micrometeori t ic  f l uxes  i n  space around t h e  
Moon, one can i s t a b l i s h  t h e  na tu re  o f  t h e  processes  o f  t h e  formation of  t h e  
luna r  su r face  under t h e  inf luence  o f  micrometeori t ic  bombardment. In  addi t ion ,  
t hese  s t u d i e s  are necessary f o r  an understanding o f  t h e  problem o f  t h e  s a f e t y  
of space f l igh t s .  

S tudies  o f  t h e  nagnet ic  f i e l d  i n  $pace near  t h e  Moon w i l l  make it  poss ib le  
t o  ob ta in  information about t h e  i n t r i n s i c  f i e l d  o f  t h e  Moon, t h e  magnetosphere 
o f  t h e  Earth,  t h e  in t e rp l ane ta ry  magnetic f i e l d  and t h e  i n t e r a c t i o n  between 
them. 
deep s t r u c t u r e  o f  t h e  lunar  core ,  t h e  na tu re  of t h e  d i s t r i b u t i o n  of var ious  
rock over  t h e  su r face  of  t h e  Moon, etc. 
on t h e  magnetic p rope r t i e s  o f  samples brought back t o  Earth,  we can s tudy  t h e i r  
na tu re  o f  t h e  changes i n  t h e  magnetic f i e l d  of t h e  Moon and space around t h e  
Moon i n  t h e  course of geologica l  development. 

The r e s u l t s  of t hese  s t u d i e s  w i l l  make it  poss ib l e  t o  determine t h e  

Combining t h e s e  s t u d i e s  with research 

S tudies  of cosmic r a d i a t i o n  i n  space near  t h e  Moon are o f  g r e a t  iitterest 
t o  understanding t h e  processes  t ak ing  p lace  i n  t h e  s o l a r  system and beyond i t .  
On t h e  b a s i s  of t h e  products of t h e  r eac t ions  t h a t  occur as a r e s u l t  o f  t h i s  
i n t e r a c t i o n ,  we can determine how long a given fragment has  been ly ing  on t h e  
su r face  and has been subjec ted  t o  t h e  ac t ion  of cosmic rays .  And t h i s  makes 
it poss ib le  t o  determine t h e  age o f  t h e  lunar  c r a t e r s  and t h e  processes  of  
t h e i r  formation. 
lunar  su r face  i s  proceeding with unusual slowness, at  a rate thousands of times 
slower than t h a t  on Earth.  

- /117 

I t  has a l ready  been e s t ab l i shed  t h a t  t h e  t ransformation of  t h e  

As we can see from t h e  above, t h e  work of lunar  sa te l l i tes  is  v i r g i n  
t e r r i t o r y .  

We can assume t h a t  t h e  research  c a r r i e d  out  i n  space near  t h e  Moon by t h e  
"Luna-19" automatic s t a t i o n  w i l l  provide new information which w i l l  enable  
s c i e n t i s t s  t o  move forward i n  understanding t h e  s e c r e t s  of t h e  Moon. 
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What Are You Like. Lunar Mountains? 

The Soviet automatic stations in the "Luna" series, the "Lunokhod-1", the 
American spacecraft in the "Surveyor" series and the "Apol lo" manned spacecraft 
have made it possible to obtain considerable detailed information on the surface 
layer of the lunar Maria. But of what rocks are the lunar continents composed, 
whose area makes up four-fifths of the lunar surface? 
mously intersting to scientists, since, if we know the composition of the rocks 
that make up the lunar continents we can answer one of the most important 
questions that science has regarding the Moon -does it have a solid basalt 
crust like the Earth, or has it undergone partial melting, so that the lava has 
emerged on the surface only in the areas of the lunar Maria? If the second 
assumption is true, we can expect that most of the surface of the Moon was 
formed by primary, undifferentiated material similar in composition to a stony 
meteorite. 

This problem is enor- 

Apparently, during the initial period of its existence, the Moon like the 
Earth was heated by the heat liberated in the course of decay of radioactive 
elements. 
flowed out on the surface. 
Differentiation of the material then took place vertically: 
fractions, iron, titanium oxides, formed on the bottom of the lava lakes, and 
above them were layers of different minerals of lesser density, many kilometers 
thick. 

As a result, the fraction with the lowest melting point melted and 
Hardening rapidly, it formed the lunar crust. 

the heaviest 

This can be used to explain the secret of the "mascons" and the unusual 
seismic characteristics of the Moon. 
largely influenced by the small dimensions of the Moon and the lack of an 
atmosphere there. 

It is obvious that these processes were 

The lack of air on the Moon is due to the :act that its surface remained 
practically unchanged following tectonic processes that occurred hundreds of 
millions and possibly billions of years ago. This will make it possible to 
estimate the geological bistory of the Earth, since traces of similar processes 
have practically disappeared completely on our planet -they have been hidden 
beneath the thickness of sedimentary rocks. This is why the area where the 
second lunar geologist, the "Luna-20" automatic station landed was selected 
to be a continental mountainous area located between Mare Imbrium and Mare 
Crisium. The "Luna-20" automatic station was launched toward the Moon on the 
14th .-f February 1972. After traveling 105 hours along the familiar route 
through space, the station approached the Moon and entered selenocentric orbit 
during the braking sequence. Making a soft landing in a mountainous area of 
the Moon was a very difficult problem. 
device solved it succcssfully. The radio altimeters (high and low altitude) 
worked accurately and reliably, as did the Doppler velocity meters, control 
systems, orientation and stabilization systems, motor assembly, radio systems 
and other systems of the station. 
from Earth, the "Luna-20" descended from orbit and at 2219 Moscow time made 
a soft landing In the area designated. 

I 
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However, the "Luna-20" autematic 

On the 2lst of February, obeying commands 

Onboard telephotometers transmitted a 
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panorama of  t h e  landing s i t e  t o  Earth and enabled t h e  ope ra to r s  t o  s e l e c t  an 
a rea  f o r  c o l l e c t i n g  s o i l .  

On command from E a r t h ,  t h e  s o i l  c o l l e c t i n g  apparatus went i n t o  ac t ion .  The 
rock a t  t h e  place where t h e  samples were c o l l e c t e d  turned out t o  be r i g i d ;  3 
times during t h e  operat ion t h e  d r i l l  was shut o f f  by t h e  overload p ro tec to r .  
F ina l ly  a l l  of t h e  problems associated with c o l l e c t i n g  and packing t h e  s o i l  
i n t o  t h e  capsule o f  t h e  r e t u r n  sect ioi .  had been solved. 

The pyrotechnic f i t t i n g s  were t r igge red .  The l i d  of t h e  hatch slammed 
shut and sea l ed  t h e  capsule.  
o f f  from t h e  Moon was t ransmit ted along t h e  command rad io  channel t o  t h e  memory 
block of  t h e  system. I t  remained only 
t o  ensure t h a t  t h e  Earth and Moon were i n  t h e  appropr i a t e  p o s i t i o n s  i n  space. 
In accordance with t h e  c a l c u l a t i o n s  of t h e  b a l l i s t i c i a n s ,  on t h e  23rd of 
February a t  0158 t h e  "Luna-20" l i f t e d  o f f  from t h e  landing platform and headed 
back t o  Earth. 
lunar  cont inent .  The t e l e m e t r i c  information ind ica t ed  t h a t  t h e  v e r t i c a l  takeoff 
had gone smoothly. The engine assembly operated f o r  t h e  required period of time 
and gave t h e  rocket a v e l o c i t y  t h a t  was necessary f o r  overcoming lunar  
g r a v i t a t i o n ,  2.7 kilometers a second. 

The d r i l l  was dropped o f f .  The program f o r  taking 

Preparation f o r  launching was complete. 

The hermetical ly  sealed compartment contained "pieces" of  t h e  

The rocket l e f t  t h e  zone where t h e  Moon's g r a v i t y  predominated and 
entered the zone o f  a t t r a c t i o n  of  t h e  Earth;  i t s  f l i g h t  speeded up. 
25th of  February, as it approached our  p l a n e t ,  t h e  r e tu rn ing  apparatus separated 
from t h e  rocket.  
cosmic v e l o c i t y ,  was braked i n  its dense l a y e r s  and landed s o f t l y  at  t h e  
designated area by parachute a t  2219 Moscow time. 

On t h e  

Like a me teo r i t e ,  it entered t h e  atmosphere a t  t h e  second 

The spsce marathon had been completed success fu l ly .  The search pa r ty  had 
/119 a d i f f i c u l t  problem t o  solve.  In t h e  middle of t h e  n i g h t ,  i n  snow and i c e ,  - 

with heavy cloud cover,  they had t o  f ind  t h e  returned s t a g e  o f  t h e  "Luna-20" 
s t a t i o n .  
ground s t a t i o n s  were t r ack ing  t h e  apparatus,  aircraft  r ad io  devices  were 
following i t s  descent,  and t h e  exact landing s i te  was spo t t ed  from a he l i cop te r .  

However, even as it was en te r ing  t h e  atmosphere of t h e  Earth the  

One more t r i p  through t h e  a i r  and t h e  capsule with the  luna r  s o i l  was 
brought t o  t h e  r ece iv ing  laboratory of one of t h e  i n s t i t u t e s  o f  t h e  Academy of 
Sciences of t h e  USSR. 

So here was t h e  material from t h e  luna r  con t inen t .  How d i f f e r e n t  it was 
i n  external  appearance from t h e  r e g o l i t h  o f  t h e  luna r  Maria. 
extracted it from t h e  d r i l l  with d i f f i c u l t y  because t h e  fo rces  o f  i n t e r n a l  
adhesion were so g r e a t .  
l a rge  p a r t i c l e s  of t h e  same co lo r  measuring 4 t o  5 nun. 
lunar  cont inents  seem b r i g h t e r  from Earth than t h e  lunar  Maria? 

The operators  

i t  was s i l v e r y  grey i n  c o l o r ,  with a few individual  
Could t h i s  be why t h e  

The lunar s o i l ,  brought back by t h e  "Luna-20" s t a t i o n ,  was a t  t h e  disposal  
of t h e  s c i e n t i s t s .  
of how t h e  luna r  mountains were formed which a r e  made of  t h i s  substance. 

I t  seemed t h a t  it would be poss ib l e  t o  answer t h e  quest ion 
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Probably new secrets of our nearest neighbor in space, the Moon, will be 
discovered ! 

Translated for the National Aeronautics and Space Administration under Contract 
No. NASw-2485 by Techtran Corporation, P. 0. Box 645, Silver Spring, Maryland, 
20901 ; translator, Wi 1 liam J . Grimes, bl .  I. L. 
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